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SUMMARY 
The optlmm proportion of phosphoric acid to phosphate 
rock for the manufactiire of triple auperphoaphate has been 
determined empirically by the industry. This proportion is 
in excess of that stoichiometrically needed to fom mono-
calcium phosphate, but Insufficient to produce complete 
availability of the P2O5 si^jerphosphate. It has not 
been known whether the unavailable P2O5 superphoi^hate 
is unreacted rock phosphate or a reverted form of phosphate, 
nor has the distribution of acid ^2^$ s\:5)erphosphate 
been known. It was believed that a better understanding of 
the reactions involved in triple superphosphate manufacture 
would provide a basis for in^jrovementa. 
An investigation of the distribution of acid P2O5 an<i 
rock triple superphosphate was undertaken to more 
clearly define the reactions involved, P^^ was used in 
tracing the ultimate distribution of the reacted acid in 
triple sii^erphosphate. 
Phosphoric acid of concentrations from 60 to 80^ 
and containing a small amount of p32 as a tracer was reacted 
with rock phosphate to produce triple 3\:^erphosphate, A 
Florida land pebble phosphate rock containing 32.7^ ^ 2®^ 
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used. The reaction was conducted at various degrees of 
acldulatlon, and the products were allowed to cure for 
various periods of time from 0 to 28 days tinder various 
conditions of temperature and htanldlty. 
Regardless of acldulatlon, 95-98^ of the acid ^2^^ 
always found In the water soluble fraction, which Is 
generally considered to be principally monocalclum phosphate; 
2-^J^ of the acid ^2®^ was found In the citrate soluble 
fraction. None of the acid found In the citrate 
Insoluble fraction. 
The distribution of the rock was found to depend 
on the acldulatlon. With Increasing acldulatlon, the water 
soluble portion Increased while the citrate soluble and In­
soluble portions decreased. At the maximum conversion 
attained for a given acldulatlon, however, the distribution 
was always essentially the some for all superphosphates. 
For example, at an acldtilatlon of 2,1|. pounds of acid P20^ 
per pound of rock ^ 2^5* maximum conversion was 98-995^» 
and 90-93/^ of the rock P20^ was in the water soluble frac­
tion, 6-8^ in the citrate soluble fraction and 1-25^ in the 
citrate Insoluble fraction. 
The P20^ citrate Insoluble fraction is concluded 
to be entirely from unreacted rock for every condition in­
vestigated, The P20^ iJi the citrate soluble fraction is 
concluded to be from two sources, (a) the rock phosphate in 
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some available fom auch as ^-tricalcim phosphate, and (b) 
the water soluble fraction, from which certain citrate 
soluble confounds are formed on curing, possibly phosphates 
of iron and aluminum, l^on curing, the ratio of acid P2O5 
to rock citrate soluble fraction increased with 
increasing acidulation from approximately 0,3 at acidulation 
1,1}. to approximately 2,0 at acidulation 2.I4.. The P2O5 the 
water soluble fraction is concluded to be principally mono-
calcium phosphate from both rock and acid P20^ a^^d includes 
a very small amount of free acid, in most cases less than 
0,^% of the present* After maximum conversion was 
attained at each acidulation xap to 2,6 (at which 100/^ con­
version was attained) the ratio of acid rock ^ 2®^ 
in the water soluble fraction was approximately 2,6 in all 
cases investigated. This is higher than the ratio of 2,0 
required for formation of monocalcium phosphate and is ex­
plained by reaction of acid with impiirities of the rock such 
as calcium carbonates and fluorides, and iron and aluminum 
compounds. 
For any particular acidulation, the concentration of 
the reactant acid had no effect on the maximum conversion 
which could be attained. At an acidulation of 2.i{. a maximisa 
conversion of 98-99^ was found for all acid concentrations 
used. An acidulation of 2,2 was required for 9^/^ conversion. 
Curing was determined to be a function of the loss of 
moisture. It was a function of time only as the loss of water 
was related to time. Maximum conversion was found In all 
cases when the moisture content was reduced to between 1.^ 
and in the product. A f'urther reduction of moisture 
below this critical amount always resulted in a loss in 1^2^$ 
availability or an apparent loss in conversion of from 1.% to 
as great as li}.^. This reversion, however, was found to be 
wholly from a loss of rock 1?2P$ citrate soluble frac­
tion, Reversion was also experienced at hi^er moisture con­
tents in cases where the samples were sealed from the atmos­
phere while curing. Reversion is spectaated to be the 
forffliatlon of an apatite from ^-tricalclum phosphate. 
In superphosphates produced with 7^% maximum 
conversion was attained at each acidulatlon without a curing 
period, A possible explanation is that 7^% 
sufficiently dilute to permit good mixing yet sufficiently 
concentrated to result in a relatively dry product when the 
superphosphates were mixed and grotmd according to the pro­
cedure used in this investigation. 
Curing at temperatures of 1^0° P. did not affect the 
superphosphates, the cranposltlon and distribution of 
being the same.as for superphosphates cured at room tempera­
ture, However, ciorlng at temperatures of 28l|.o P. materially 
altered the coiiQ)Osition and distribution of PaO^, Up to 
of the total changed from the water soluble frac­
tion to the citrate soluble fraction of the superphosphates. 
No more reversion was caused than was experienced by curing 
at room temperature. 
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INTRODUCTION 
The requirement of phosphorus compoiinds for the proper 
growth of plants is well known. Increased crop yields re­
stating from the application of phosphates to the soils have 
resulted in an ever increasing demand for phoaphatic ferti­
lizers, This demand has increased at an astonishing rate 
v/ithin the last twenty years (l^)* At present, the use of 
phosphatic fertilizers is limited largely by the quantities 
produced, rather than by the demand or requirement of the 
soils 11). 
To be suitable for use as a fertilizer a phosphatic 
material must be capable of supplying which may be 
assimilated by a growing plant. Any form of ^2^5 which may 
be so assimilated is known as available ^2^5* A laboratory 
measure of this P20^ has been set forth by the Association 
of Official Agriculttiral Chemists (1), It is prescribed 
that ^2®^ separated and classified as (a) that which is 
water soluble, (b) that which is water insoluble but soluble 
in certain chemical solutions, principally neutral ammonium 
citrate solutions, and (c) that which is citrate insoluble. 
The sura of water soluble and citrate soluble con­
sidered to be available P20^» 
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The principal source of phosphatic raw material in the 
United States is from the abiindant deposits of rock phosphate, 
which have been shown (11) to be constituted principally aa 
apatite, Galon's6* Rock phosphate contains but a 
limited proportion of available must undergo 
chemical change to render most of its P2O5 content to an 
available form (6), 
!Ph© principal methods used in converting the P20^ in 
rock phosphate to available P2O5 ^ 13. 20): 
(1) acldulatlon of rock phosphate with mineral acids, 
principally sulfuric and phosphoric, which resiats in prod­
ucts known as superphosphates, and 
(2) thermal decomposition of apatite which results in 
(a) defluorination of the rock, or (b) formation of glassy 
phosphates by fusion with materials such as magnesium 
silicate, or (c) reduction of the rock to elemental phos­
phorus which is subsequently converted to phosphoric acid 
and superphosphate, as In (1). 
Acldulatlon with sulfuric acid is the oldest and most 
widely used method of producing available 2^^ *^ 
suiting product, known as nortaal superphosphate, contains 
from 18 to 20^ available Many reviews on normal 
superphosphate are readily available (2# Ij^# I6, 19). 
Nitric acid has been used commercially in Eia?ope to 
produce available phosphorus, and this practice is being 
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Investigated for potential use in the United States 
The reaction of orthophosphoric acid on rock phosphate 
produces triple superphosphate, a product containing from 
$0% available PgO^ which has been found very suitable for 
use as a phosphatic fertilizer (Ij.), Early use of the 
process was lliaitod by high costs and the low concentrations 
of phosphoric acid coinmercially available. With the develop­
ment of processes for the production of cheaper and more con­
centrated phosphoric acid, the production of triple super­
phosphate has increased rapidly, particularly in the past 1^ 
years. The advantage of the hi^ concentration of available 
P20^ in triple superphosphate as Gon5)ared with other super­
phosphates is apparent from a consideration of 3hippl2}g and 
handling requirements. This advantage has been largely 
responsible for the rapid increase in the demand for this 
product. 
A variety of processes for the manufacture of triple 
superphosphate have been described (l^, 13), All of these 
processes entail (a) a period of intimate mixing of finely 
divided rock phosphate with phosphoric acid to facilitate 
reaction, and (b) some type of criring method to complete the 
various reactions. In general practice, curing has been 
accomplished by placing the green superphosphate in storage 
piles for several months. Recently, however, quick-curing 
processes have been developed in which curing is completed 
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In a few hours by use of heat (ji# 12, 21). 
The optlram conditions for the raaniLfacture of triple 
superphosphate have been determined empirically 
Following an acidulatlon, all of the ^ 2®^ *^0"^ found 
in the water soluble fraction, but variable amounts will be 
found in both the citrate soluble and insoluble fractions. 
Moat researches on fertilizers have used the separation of 
PgO^ as prescribed by the A,0,A,0« as the basis of analysis, 
even though it is recognized that it is not a valid separa­
tion of chemical species. The exact reactions transpiring 
are, therefore, quite difficult to define as the exact com­
pounds Involved are usually unknown. 
The principal constituent of triple superphosphate has 
been shown to be monocalclum phosphate monohydrate (j^), and 
it is believed to be entirely in the water soluble fraction. 
The principal conversion reaction, which uses the mlnimtaa 
amoimt of H2P0j[j^ to convert all apatite rock to 
monocalclum phosphate (Ij.), is written 
CaxoP2(?%)6 + 12 H3P0i,, + 9 HgO = 9 Ca(H2P02|.)2 • HgO + GaP2 
As written, the reaction has an acidulatlon equal to 2, 
where acidulatlon is defined as the pounds of acid PgO^ used 
per pound of rock PgO^* simply acl<^ ^2^^ . 
rock 
In practice, complete conversion of the rock is never 
realized at such a low acidulatlon, A larger proportion of 
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acid Is required; the actual amount varies with the rock 
phosphate used. It is evident, therefore, that certain side 
reactions consume phosphoric acid (Ij.), Calcium fluoride is 
known to undergo varying degrees of reaction, but usually 
only about 2^ to 30% of the fluorine is evolved upon acidu-
latlon (It, 12) • various impurities in the rock, prin­
cipally carbonates and confounds of iron and aluminum, 
undergo reaction. Although the ultimate constitution of the 
iron and aluminum compounds is imknown, they are found to 
exist principally in the citrate soluble fraction of the 
superphosphate (i|.), 
Althou^ raw phosphate rock Is generally classified as 
citrate Insoluble, a small portion of the P20^ (from 6-12^ 
of the total ^29^ rock) is found to be citrate 
soluble (^). The constitution of this unknown. 
Various changes occur during the drying of superphos­
phate at elevated temperatures, resulting in unexplained 
increases in the citrate soluble fraction (Ij., 12. 21 )< and 
usually accompanied with a loss in the water soluble frac­
tion and at times with a loss in availability, Dlcalcim 
phosphate is known to be a good phosphatic fertilizer and is 
citrate soluble (18), It has been considered that the forma­
tion of dlcalcium phosphate might be the cause of such in­
creases, However, this compound has not been identified in 
superphosphate in any significant amount (Ij.). It has been 
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of considerable interest to determine the conditions imder 
which dicalcima phosphate mi^t be formed. The reaction 
^aioF2^POi|.)6 + 3 H3P0ij^ = 9 CaHPO^ + 0aP2 (2) 
appears simple enough, and if it would proceed, a consider­
able reduction in acid requirement would reaxilt, the 
acidulation for this reaction being only 0,^, But practical 
conditions have never been determined under which the re­
action will proceed (^). Only one case is recorded where 
dicalcium phosphate was produced directly by acidulation of 
rock phosphate; in this case a hi^ pressure chamber at 
elevated temperatures was used (22). 
Increases of ^2^5 citrate soluble fraction at 
the expense of water soluble ^ 2^5 distingui^ed 
from reversion which is defined as an increase of 1*2^5 
the citrate insoluble or unavailable fraction at the expense 
of the available fractions (1^)« Instances of both Increases 
in the citrate soluble fraction and reversion are reported 
when certain addition agents as serpentine are Introduced 
in superphosphate (5» lit). Reversion Is reported In super­
phosphates when mixed with liming agents or highly ammoniated 
l6). Reversion has also been identified vrLth poor 
acidulation conditions, and poor curing or storing conditions 
(such as poor ventilation) (1^. l6). It has been proposed 
that PePPiij^ is the cause of reversion (l£). However, no 
12 
ready explanation of the nature or mechanlsni of the 
increases in the citrate soluble fraction or reversion is 
forthcoming. It wotild be of interest to know if P20^ from 
the acid Is rendered unavailable during reversion. 
It was believed that a better understanding of the re­
actions Involved in making triple superphosphate was needed, 
and that such \mderstanding ml^t provide a basis for im­
provements in both the product and its production. It was 
believed that the reactions Involved would be more clearly 
defined and limited, if the source of the each frac­
tion of the superphosphate, water soluble, citrate soluble 
and citrate Insoluble, was determined. 
Up until now it had not been possible to follow the 
disposition of acid various fractions of super­
phosphate, However, since the development of tracer 
technique, it has become possible to distinguish between 
acid P20^ rock ^ 2®^* B®1^S a soft beta emitter, of 
relatively short half life, lii.,3 days, p32 conveniently tags 
the H^POij. acid and traces the ultimate disposition of the 
acid P20^ in the various fractions of the superphosphate. 
Although tracer technique (radioactive triple super­
phosphate) has been used on several occasions in previous 
fertilizer researches, it has been applied only in the field 
of plant growth studies to determine the utilization by the 
plant of fertilizers applied to the soil (10)» This is 
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believed the first Investigation using radioactive phos-
phorlo acid to study the process of making triple si:5)er-
phosphate. 
The purpose of this Investigation, therefore, was to 
determine the distribution of acid ^2^$ rock P2O5 in 
triple superphosphate, with the use of radioactive 
phosphoric acid. 
llf. 
MATERIALS AMD PROCEDURE 
Materiala 
The rock phosphate used in these studies was a Florida 
land pebble obtained from International Minerals and 
Chonical Corporation at Miaberry, Florida. The same lot of 
rock phosphate was used in this investigation as was used 
in the earlier studies of Brunsting and Kapusta 12)» 
Many of the results of this current study should, therefore, 
be directly comparable with these earlier works, without 
introducing the variability due to differences between 
various rock phosphates. 
The major constituents of this rock phosphate were 
determined to be as follows: 
Constituent ^ (dry basis) 
citrate} 
Moistwe 
OaOif 
MgOtt-
FegO^^ 
AlgOys-
P2O5 
Available P2O5 (Neutral ammonium 
32.7 
3.9 
i(-3-6 
0.32 
0.89 
0.81 
P2« 3.38 
G02'» 2,^ 2 
•3:-As determined by Brunstlng (^ ) 
•im-Aa received basis 
The rock was grotind In a disc mill to the following 
screen analysis as determined by a ten minute Tyler Ro-T% 
separation: 
Screen me ah ^ of samnle 
65 0 
-65 100 3»k 
-100 150 9.7 
-150 200 13.3 
-200 73.6 
C, P. grade, 85/^ piiosphorlc acid diluted to the desired 
strength was used in all experiments. Prior to final dilu­
tion, the radioactive p32 was Introduced into the concen­
trated acid. The tracer was obtained from the Oak Rldgo 
National Laboratory, operated by Oarblde and Carbon Chemical 
Division, Union Carbide and Carbon Coiporation for the 
United States Atomic Energy Commission at Oak Ridge, 
Tennessee, The chemical form of the tracer used waa H^ POji^  
in weak HCl, 0.02921T acid. 
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Procediare: Radioacfclve Triple Stqperphosphate Studies 
To accomplish the objective of this investigation, the 
following plan was pursued. 
The distribution of the acid and rock P2O5 vras 
deterrolned in each experimental triple superphosphate. The 
following conditions were variedj 
1. Roactant acid concentration 
Superphosphates were made using 60, 6$, 70, 75 
and 80^ concentration and roacted at roon 
temperature to 8^*^ ?• )• 
2. Acldulatlon 
For each concentration of acid, superphosphates 
were made at acidulatlona of l.l^ and A study 
of the coniplote acldulatlon range was made with 
7$% in which acldulations of 0,^ , 1,0, 1,6, 
2,2, 2,6 and 2,6 were used in addition to those of 
l.ij. and 2,1|., 
3. Reactant temperature 
S\:5)erphosphates were mad© at acidulatlona of 1,1{. 
and 2mk. using 70^ ^ 3P0||^ in which both the acid and 
rock had been preheated to 130° P, before reaction 
to simulate Industrial conditions. All other 
superphosphates were reacted at rocaa temperattire. 
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Curing conditions 
a. Normal ctire 
Superphosphates made with all acid con­
centrations and acid\2lations were allowed to 
cure in covered glassware containers but 
open to the atmosphere at room temperatiire 
(75-85° F.). 
b* Sealed cure 
Portions of the siq)erphosphates made with 
7$% at the eight acidulations were 
cured in air ti^t sealed glassware con­
tainers at room temperature (75-8^ ° P.). 
c« Quick cure 
Portions of the superphosphates made with 
7$% H3P0ij^ at the ei^^t acidiaations were 
quick cured by heating in open glassware 
containers in an oven at 28if.® P. for five 
hours, This temperature was used to insure 
the dehydration of monocalcium phosphate 
monohydrate. 
d, Bvj cure 
Portions of the st^erphosphates made with 
70% H^PO^^ at the acidulations of 1,1}. and 
and reacted at room temperature* were cured 
in open glassware containers in a desiccator 
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over cbncentrated sulfuric acid at room 
ten^erature (7^-8^° P«)* 
e. Wet cure 
Portions of the st^erphosphates made with 
70^  ^ 3^ 01). acidulations of 1,1). and 2,1]., 
and reacted at room temperature, were cured 
in open glassware containers in a desiccator 
over water at room temperat\are (7^-85° P«)« 
f, Slmiaated storage pile cure 
Q?he superphosphates made with the 130° F, 
preheated 70% rock, at the acidu­
lations of l.i}. and 2.1{., were cm»ed In- an 
oven at 1^0° P, in glass containers loosely 
stoppered and gasketed with glass wool to 
permit "breathing". This procedure was used 
to aimulate the conditions of the industrial 
storage pile, 
5* Curing time 
All si5)erphosphates were sao^led following 
acidulation; this has been considered to be a zero 
day cure. The superphosphates were subsequently 
sampled upon curing seven days, lij. days and 28 days. 
The qiaick cured superphosphates were sampled only-
after their five hour curing period. The super­
phosphates made with the 80^ ^ 3^% were 
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additionally aan5)lod upon curing three hours, six 
hours and 12 hours. The sealed cured superphos­
phates were not sampled at the seven day cure. 
The radioactive phosphoric acid was prepared by diluting 
C.P. 8^^ H3P0j^ to near the desired concentration and Intro­
ducing the p32 tracer. The amount of tracer Introduced was 
calculated to provide approximately 0.1 mllllcurles of radio­
activity In each acldiaatlon. This amount of tracer pro­
vided approximately 2 to l|. mlcrocurles of radioactivity per 
gram of total from 1 x 10*"^ to 3 * 10"^ parts of 
p32 per million parts of total phosphorus In the superphos­
phates prepared In this investigation. The desired concen­
tration of the containing p32 was then adjusted by 
diluting with water as reqtilred. This adjusfanent was made 
by measuring the specific gravity of the solution and finally 
checked by colorimetrlc analysis (2) of the content, 
A calibrated buret was used to meter a constant quantity 
of the radioactive acid for each acidulation. A calculated 
amount of rock was weighed to provide the desired acidula­
tion. The acldulations were conducted with a fow inch 
diameter glass mortar and pestle by pouring the finely 
ground rock Into the acid. Mixing was continued until the 
entire mass solidified. Solidification occurred in from 30 
to 60 seconds. The mortar and pestle were scraped free of 
superphosphate and the entire mass was ground with the 
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mortar and pestle for from 20 to 30 minutes. Between ^ 0 and 
100 grams of superphosphate were prepared In each case. The 
scraping and grinding was done In a glass windowed sleeve 
box to minimize the hazards of radioactive dusts. 
Each superphosphate was analyzed following the acldula-
tlon. Unless otherwise noted, this first sampling was, on 
an average, about six hours following the acldulatlon and is 
denoted as having zero day cure. The separation of the 
superphosphate Into its fractions was conducted as pre­
scribed by the Association of Official Agricultural Chemists 
(1). In all cases, the citrate soluble portion was 
separated, using neutral ammonium citrate solution, only 
after the water soluble fraction was removed; and thiis, the 
^2^^ this fraction is water insoluble-citrate soluble 
P20^. The citrate Insoluble residues and the total PgO^ 
samples were dissolved in aqua regia. 
In all samples the water soluble, citrate soluble, 
citrate Insoluble and total were each determined in 
duplicate by colorlmetrlc analysis. This analytical method 
is based on the ammonium-phospho-molybdo-vanadate color 
described by Barton (2). The usual method of determining 
the citrate soluble ^2^5 is by difference rather than by 
direct determination as in this investigation. 
Moisture was determined by heating to a temperatmce of 
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99®-101® C, for five hoiirs aa prescribed by the AOAC (1). 
Ptee acid was determined by the titration of an acetone 
extract of the superphosphate as described by Hill and 
Beeson (2,). 
The acid each fraction was determined by 
measuring the presence of radioactivity. The radioactivity 
was measured by the usual, generally accepted procedures 
(11). On the basis of the P20^ analysis, an appropriate 
aliquot of each fraction was taken so as to contain exactly 
10 mg. of then precipitated as ammonium 
phosphomolybdate as described by the AOAO (1), 
It is most interesting to note that it was not possible 
to precipitate the samples from the citrate 
soluble fraction until after the citrate ion had been 
destroyed. This was accomplished by boiling each sample to 
near dryness idLth 30-i|.0 ml of concentrated nitric acid or 
aqua regia. Any good oxidizing agent, however, will destroy 
the citrate ion. Gross excesses of molybdate solution were 
even then reqviired to cause PgO^ precipitation. It was also 
found that the precipitate formed most readily by gently 
heating the solution to a ten^ierature of 110-120® P, 
Following precipitation the samples were cooled, stirred and 
filtered in the normal maimer. 
The precipitate was filtered and carefully washed with 
water in a filter mantle so as to deposit a uniform disc one 
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Inch In diameter on the filter paper. This type filter Is 
Illustrated In Figure 1. The constant mass and the uni­
formity of the deposit are essential to preserve the same 
geometry (l.e.« diameter, thickness, and mass) In all the 
samples cotmted for radioactivity. Although no specific 
geometry is required, one geometry must be reproduced for 
all samples to be directly compared. Also, by precipitating 
a constant amount of each san^le, one avoids, when 
comparing samples, the necessity of correctizig for the self 
adsorption of radioactivity by the precipitate itself. 
After air drying, the cotinting samples (on the filter 
paper) were mounted on cardboard slides and sealed under 
scotch tape. Another factor of coimting geometry is the 
position of the sample in reference to the counter (distance, 
centering, etc.). No specific position is required, but one 
position must be duplicated for all samples which are to be 
directly compared. This was accomplished by centering the 
counting samples (mounted on the cardboard slides) on a 
metal plate which is designed to fit in slots in a frame 
below the counting tube. By using the same slot for all 
saoqples to be directly compared, the distance from the 
counter was controlled. This arrangement is illustrated in 
Figure 1. All counting saii5)les from a given superphosphate 
were measured successively with the same counter so that 
characteristic counter errors would be minimized and 
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corrections for radioactive decay would be negligible. All 
radioactivity measurements were made In duplicate and were 
detemlned with Able Scientific Glass Apparatus Company, 
Model number (JllB, Eck and Krebs type CJelger counters and 
Nuclear Instrument and Oliemlcal Corporation, Model number 
16$, scaler units. 
Each san^le was counted to obtain at least $000 comts 
or for 20 minutes, whichever was the shorter time. Either 
provides the greatest practical statistical accuracy possible 
with 1-5^ error In reproducibility. 
The average counts per minute per 10 mg, of were 
determined and adjusted, by consideration of the size of 
aliquot that was taken, to determine the coiints per minute 
In each fraction of the superphosphate. The counts per 
minute per 10 mg of P2O5 from the water soluble fraction 
ranged from around ^00 to around ^000 counts per minute In 
this Investigation, The actual counts per minute obtained 
depend largely on the number of half lives that the samples 
have decayed prior to counting. The counting background in 
this Investigation was approximately 30 counts per minute. 
The radioactivity is proportional to the amounts of 
acid present. The distribution of acid P2O5 "lay 
determined, therefore, from the ratio of activity counts in 
any fraction to the total activity counts in the superphos­
phate, From the chemical analysis, the distribution of the 
25 
fraction Is known. Thus, the distribution of 
rock calculated by difference. 
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EXPERIMENTAL RESULTS 
Introductory Remarks and Definitions 
The experimental results are compiled in three major 
sections to describe the effect of (a) acldulation, (b) re-
actant acid concentration, and (c) the method of cure upon 
the distribution of acid and rock superphosphate. 
The effect of curing time lipon this distribution is pre­
sented in all cases. In each section, the data are pre­
sented in the same sequence. 
The composition of the triple superphosphate 
This composition v;as determined chemically in the nor­
mal manner as had been previously described, and is pre­
sented on the basis of the sample as analyzed. On this 
basis, caution is required in making comparison of 
distribution between superphosphate samples. It x^lll be 
noted from the analysis of total ^2^^* loss in weight, 
that the basis continually varies. 
Loss in weight was determined on the basis of the 
original weight of the reactants and calculated using the 
per cent total both the superphosphate and the re­
actants, assuming that no PgO^ is lost in the reaction. It 
27 
may be shown that 
% loss in weight = (1 - ^  total PgOg °f reactants ) 
% total P20^ of superphosphate) 
also that 
% total ^2®^ reactants = , where 
(U) 
V = % total P20^ of rock phosphate, 
a = ^  total ^ 2^5 of the reacting acid, and 
A = acidulatlon, po'undB of acid P20^ in the reaction, 
poimds of rock P20^ 
The per cent water soluble P20;^ as reported always In­
cludes the free acid. The per cent available P20^ was cal­
culated, as usual, as the difference between total P2O5 a^id 
citrate Insoluble The total P20^ obtained by the sum 
of the P20^ analyssed In the three fractions varied from the 
analyzed total P2®5 ^ 7 averiige relative difference of 
Per cent conversion Is the percentage of the rock P2O5 
which Is rendered available. It should be noted that con­
version credit Is taken for the portion of unreacted rock 
which is already available, thus accounting for \2% conver­
sion before the reaction takes place. This Is a matter of 
standard practice. It may be shown that 
% conversion = [[l - (A + 1) 100, 
where CI = ^ citrate Insoluble P20^ (sample con^osltion), 
T s ^  total P2O5 (sample composition), and 
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A acldulatlon. 
The tables of composition data are presented in the se­
quence of time cured. Plots of per cent conversion vs. 
acldulatlon at the various curing times accompany the data 
when more than two acidulations were accomplished. 
Distribution of the total 
The distribution of total was calculated from the 
composition of the superphosphate. The P2O5 in each frac» 
tion was divided by the total P2O5 s''^P®rphosphate to 
determine what proportionate part was in each fraction. 
This distribution is based, therefore, on total P20^ the 
superphosphate being 100 per cent. The variable basis on 
which the composition was determined was thus eliminated and 
comparisons may be made between superphosphate samples. The 
tables are organized such that changes in a superphosphate 
with curing time are readily observed. All of the different 
distributions are presented in this same form. 
Distribution of the acid P20^ 
The distribution of acid P2O5 1*1 the superphosphate is 
presented in two ways. The acid in each fraction was 
determined (a) as the proportion of acid P20^ in the super­
phosphate, and (b) as the proportion of total P20^ in the 
superphosphate. The first distribution was calculated 
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directly from the measure of radioactivity and was based on 
the acid ^2^5 superphosphate being 100 per cent. In 
any fraction, 
acid ^ acid P20^) = 
radioactive count in am fraction x 100 
total radioactive count in the superphosphate 
A cumulative plot of the acid P2O5 P©^ cent of acid P20^) 
In the various fractions vs. curing time accompanies this 
distribution data. 
The second acid F2^^ distribution was based on the 
total P20^ superphosphate being 100 per cent, and was 
calculated from the first distribution. It is therefore In­
directly dependent upon the measure of radioactivity. In 
any fraction, 
acid ^ total P2O5) == 
^ ^  X acid P20^ (as ^  of acid P20^) 
where, again, A = acidulatlon. Both cumulative and non-
cumtilative plots of the distribution of total 
superphosphate vs. curing time accompany this data and de­
pict the distribution of acid P20^ each fraction. 
Distribution of the rock P2% 
«MMW mmmmm mrnmrnmrnmlmm 
The distribution of rock P20^ in the superphosphate is 
also presented in two ways. The rook P20^ iii each fraction 
was detemined, (a) as the proportion of total "^2^ 
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at^erphosphate, and (b) as the proportion of rock P2O5 
the superphosphate# The first distribution was based on the 
total P2O5 superphosphate being 100 per cent and was 
calciilated in each fraction as the difference between the 
total ^2®^ distribution (as per cent of total P2O5) acid 
P20^ distribution (as per cent of total P2O5) the same 
fraction. This distribution of rock PgO^ in each fraction 
iB also shown graphically on the cumulative and non-
cumulative plots of the distribution of total P20^ 
superphosphate vs. curing times. 
The second rock P2O5 distribution was based on the rock 
P20^ in the superphosphate beiaag 100 per cent, and was cal-
ciilated from the first rock P2O5 distribution. In any 
fraction, 
rock P20^ (a® ^ of rook P20^) = 
(A + 1) X rock P20^ (as ^  of total P20^)» 
where, again, A = acidulation. A cumulative plot of the 
rock (as per cent of rock P2O5) various frac­
tions vs. curing time accompanies this distribution data. 
When determining the radioactivity in superphosphate, 
it was found that the cotmts from the citrate insoluble 
fraction varied but a few counts per minute from the back­
ground. Such variation was determined to have no signifi­
cance, being within the chance statistical variation in 
background, l^irther, it might be assumed that trace 
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quantities of radioactivity in the citrate Insolttble fraction 
might be due to Ion exchange or result from inadequate 
washing when effecting the separation of the other fractions# 
As a matter of record, these trace quantities of acid ^£0^ 
in the citrate Insoluble fraotlon were included in the dis­
tribution data. In any event. It was concluded in all cases 
that no appreciable radioactivity, and therefore no acid 
P20^, was in the citrate Insoluble fraction. 
Between 0.01 and 0.02 per cent uranium was known to be 
present in Florida rock phosphates. It was found, however, 
that the radioactivity of this uranium did not interfere in 
this investigation since the uranliam was effectively 
separated from the phosphorus when the latter was precipi­
tated for counting. 
The Effect of Acidulatlon 
The effect of acidulatlon upon the distribution of acid 
PgO^ and rock ^ 2^$ superphosphate was Investigated using 
7^^ eight aciduiations from 0.^ to 2.8 and at four 
cwlng times from 0 to 28 days. All superphosphates were 
normal cured (see page 17). The conQjosltion of these super­
phosphates are presented in Tables 1 - i|., and the various 
distributions of ^2^^ different fractions are presented 
in Tables 5-9. Figure 2 shows the effect of acidulatlon 
Table 1. Cos^osition of Triple Superphosphate Prepared at Tarions 
Acidolations 
(7B% H^PO^j Acid Goncentrationf 0 days Normal Cure) 
Acidalation, Loss in Composition, % Conrersionj 
Acid P2O5 
Bock 
Wei^it Moisture Total 
P2O5 
Available 
P2O5 
Free 
Aoid 
P2O5 
Water 
Soluble 
P2O5 
Citrate 
Soluble 
P2O5 
Citrate 
Insoluble 
P2O5 
% 
0.5 3-5 3.59 39.1 2U.2 0.22 18.7 3.82 lU.9 U2.9 
1.0 3.9 $.9h lt2.U 31.1 0.38 29.2 2.ii8 11.3 1|6.5 
1.U U.1 6.99 I1U.U 38.6 0.25 35.2 3.51 5.82 68.5 
1.8 2.U 8.22 1^ 5.0 U2.2 0.37 U0.5 2.86 2.82 76.9 
2.2 6.0 8.38 U7.8 U7.I 0.6U U5.1 2.16 0.70 95.3 
2,h 2.2 9.06 2)6.U 1(6 .1 0.U9 I46.7 1.68 0.29 97.9 
2.6 6.0 8.81i lt9.0 1*8.9 I.2U U8.U 0.81 0.05 99.7 
2.8 7.0 9.93 1^ 9.7 U9.7 2.0U 51.2 1.13 0.00 100.0 
^Based on original ireight of the ireactants^ and calculated using total P^O^ % of both 
the superphosphate and "tiie reactants* 
Table 2 • C(M|>o8ition of Triple Supez^ osphate Prepared at Various 
Aeldnlatlons 
(75^  H3Pp)| Acid Cozicentratlon, 7 days Noxnal Cure) 
Acldulatlon^ Loss in CoDposltlrai. % Conrers; 
Acid P20i^ 
Rock ^ *2^  
Wel^ t 
%* 
Moisture Total 
P2O5 
Jrallable 
P2O5 
i^ lree 
Acid 
P2O5 
Water 
Soluble 
P2O5 
Citrate 
Soluble 
P2O5 
Citrate 
Ins<Auble 
P2O5 
% 
0.5 9,0 1.1U ia.3 23.3 0.32 17.2 3.70 18.0 3li.8 
1.0 9.6 1.33 U5.1 3U.9 0.33 29.U 2.78 10.2 5U.6 
1.U 9.U 1.37 1i6.9 38.9 O.liO 32.7 U.68 8.0U 58.8 
75.7 1,8 11.8 1.26 U9.8 0.37 39.6 3.2lt li.32 
2.2 11.7 1.29 51.0 U9.U 0.60 li6.3 2.82 1.56 90.2 
2.U 13.2 1.29 $2.2 51.6 0.70 1*7.2 2.29 0.61 96.0 
2.6 13.U 1.69 53.0 53.0 1.09 50.0 I.2U o.oU 99.7 
2.8 11.U U.62 $2.0 52.0 2.95 50.9 0.61 0.00 100.0 
•Based on original weight of the roactants, and calculated using total P20^ % of both 
the srqpezphosphate and the reactants. 
Table 3 • Cos^oaition of Triple Superphosj^te Prepared at Various 
Acidulations 
{1$% H3POI4 Acid Concentration, lii days Noraal Cure) 
Acidulation, Loss in Composition, % Oonrersionj 
Acid P2% 
Bock ^ 2^  
Wei^ t 
%» 
Moisture Total 
P2O5 
Available 
P2O5 
Free 
Acid 
P2O5 
Water 
Soluble 
P2O5 
Citrate 
Soluble 
P2O5 
Citra-be 
Insolxible % 
0,5 6.0 0.89 Uo.o 22.0 0.08 17.0 U.2U 18.0 32.6 
1.0 8.0 1.13 32.8 0.13 29.1 3.17 11.6 li7.5 
1.U 7.8 1.20 li6^1 38.2 0.09 35.3 3.22 7.89 58.9 
1.8 12.5 1.18 $0.2 . U5.6 0.09 Uo.U 2.78 U.59 7U.U 
2.2 12.0 1.23 51.1 U9.U 0.06 hh.l 3.88 1.69 89.U 
2.U 12.8 1.37 52.1 5l.U 0.10 U7.1 2.88 0.65 95.8 
2,6 13.5 I.I18 53.1 53.0 0.58 50.8 l.hh 0.09 99.U 
2.8 3.37 U5.5 it5.5 1.87 51.5 0.8U 0.03 99.8 
-M-Baaed on original weight of the reactanta, and calctil&ted tising total % of both 
the at^rphosphate and the reactants* 
Table ij., Conqposition of Triple Superphosphate Prepared at Various 
Acidulations 
^3^% Acid Concentration^ 28 days Normal Cure) 
Acidulation^ Loss in Compoaitionj % Gonversionj 
Acid F2^ 
Bock F2^ 
l^ ei^ t 
%* 
Moisture Total 
P2O5 
4&Tallable 
P2O5 
Free 
Acid 
P2O5 
Water 
Soluble 
?zO$ 
Gltrat* 
Soluble 
P2O5 
Citrate 
Insoluble 
5*205 
% 
0.5 khS 1.25 39.7 20.3 0.23 16.5 2.98 I9.U 26.5 
1.0 lS.k 1.67 U8.6 36.1 '0,11 29.0 2.53 12.5 U8.5 
l^U 9.0 I.u? I46.7 38.3 0.03 36.3 2.17 d.l|2 56.7 
lw8 ak9 1^38 U3i.2 U3.2 0.02 2a.u 2.U8 5.00 71.0 
2,2 10.U 1.314 50.2 l*8i3 0.19 2.15 1.87 dda 
2Jk 11.9 l.ly} 5li5 50^ 6 oa2 U7.2 2.51 O.9U 93i8 
2.6 11.5 1.60 5ii8 51.8 0.2h 1*9.0 1^37 0.02 99.9 
2,8 11.0 3.76 51.9 51.9 la? 50.5 0.97 0.01 99>9 
*Baaed on original veight of thd reactants^ and calculated usllig total ^ 2^ ^  ^  both 
the superphosphate and the reactants^ 
Table Distribution of Total in Triple Stqpex^osidiat* at Various 
Aoidulatlons and Criring Tlass 
(7$% Acid Conesntration^ Noraal Cur«) 
Acidulation ^ of Total P20$ 
Aoid 
Rock F2^ 
Watar Soluble P2O5 Citrate Solrible P2O5 Citarate :&!B(^ iible P2O5 
0 7 
days 
lU 
days 
28 
dagr» 
0 
day 
7 
days 
lU 
day 
28 
day 
0 
day 
7 
day 
111 
day 
28 
day 
0.5 $0.0 li3.U ii2.5 10.2 9.5 10.8 7.7 39.8 lt6.2 U5.9 li9.9 
1*0 68.0 69.U 66 .U 65.9 5.8 6.6 7.2 26.U 2h.2 26.5 28.U 
1.U 79.0 72.0 76.1 77.5 7.9 10.3 6.9 h»6 13.1 17.7 18.0 18.0 
1.8 87.7 8U.0 8U.5 8U.7 6.2 6.9 5.8 5.1 6.1 9.2 9.6 10.2 
2.2 9U.1 91.U 88.8 92.0 U.5 5.6 7.8 U.3 1.5 3.3 3.U 3.7 
2.U 96.0 9U.U 93.0 93.1 3.U U.6 5.7 5.0 0.60 1.2 1.3 1.9 
2.6 98.2 97.5 97.1 97.3 1.6 2.U 2.8 2.7 0.09 0.08 0.17 o.oU 
2.8 98.0 98.8 98.U 98.1 2.2 1.2 1.6 1.9 0.00 0.00 0.06 0.02 
Table 6 • Distribution of Acid In Triple St^erphosphate at ?arioi» 
Acldnlatlons and Curing Titaes 
(1$% Acid Coaoeentratlon^ Momal Cure) 
% of Total P20^ 
Aeldolatlon Water Soluble P20^ Citrate S^iible P20^ Citrate Ihsoltible P2i>$ 
Acid P2CN$ 
Bock P2(^ 0 
days 
T 
dsQre 
lb 
days 
26 
days 
"d 
days 
i 
days 
- a— 
days 
28 
day* 
0 
days 
7 
days 
lU 
di^ 
28 
days 
0.5 32.3 32.0 31.9 31.8 0.9lt 1.3 1.5 0.09 0.00 0.12 0.06 
1.0 U8.5 U8.5 US.3 U8,l 1.U 1.6 0.26 0.U 0.09 0.22 
1.U 56.8 51.7 55.6 56.U 6.5 2.6 2.0 0.15 0.08 0.06 0.00 
1.8 63.1 6o.U 6l.l» 61.6 1.1 U.o 3.0 2.6 0.06 0.03 0.03 0.08 
2.2 67.7 65.3 62(.l 66.5 1.0 3.1» I*.7 2.2 0.00 0.03 0.0U 0.00 
2.U 69.1 67.9 66.9 67.2 1.2 2.6 3.6 3.U 0.00 0.13 O.OU 0.03 
2.6 71.0 70.3 70.3 70.6 1.1 1.9 0.17 0.01 0.03 0.01 
2.8 72.2 72.5 72.5 72.U 1.7 1.2 1.3" 1.3 0.00 0.00 0.02 0.00 
Tablft 7 « Blstribatlon of Bock P20^ in Triple SnperphoBphate at Tariofua 
Aeidnlationfl and Curiiig TIibm 
(7$% Acid Goneentratian^ Nomal Cure) 
Aeidulation % of Total P20$ 
Acid P20g Water Soluble Citrate Soluble P20^ Citrate Insoluble P20^ 
Rock P2O5 ""0 7 55 isT" "~o 7 il is ""0 7 Hr 
' day day d^ days days day day day day day day day 
0.5 17.6 12.3 U.$ 10.7 9.3 8.2 9.5 6.2 39.7 h6,2 li5.7 lt9.8 
1.0 19.6 20.8 16.2 17.8 U.5 5.2 5.6 U.1 26.1 2li.O 26.U 28.2 
22.1 20.3 20.5 2I.I 6.6 3.9 U.U 2.7 13.0 17.6 16.9 I8.O 
1.8 21U6 23.7 23.2 23.1 5.1 2.9 2.8 2.5 6.0 9.1 9.6 10.1 
2.2 26.U 26.1 2U.7 25.5 3.$ 2a 3.1 2.1 1.5 3.0 3#li 3.7 
2.U 26.6 26.U 26.1 26.0 2.3 2.0 2.1 1.6 O.60 1.1 1.2 1.8 
2.6 27.3 27.3 26.8 26.8 0.55 0,li8 0.81 0.98 0.00 0.07 O.lU 0.03 
2.8 25.8 26.3 25.9 25.7 0.53 0.00 0.29 0.56 0.00 0.00 O.OU 0.02 
Table 8. Distribution of Acid in Triple Sviperx^osphate at Varioua 
Acidulations and Curing Times 
(J$% Acid Concentration^ Nonnal Cure) 
Acidulation % of Acid P20$ 
Acid P20^ Water Soluble P2O5 Citrate Soluble P2'^ Citrate Insoluble PgO^ 
SockT^ — jjJ 58 5 ^ 5J[ 20 —5  ^ 2^  
days days days days days days days days days days days days 
0.5 97.0 96.0 95.7 95.5 2.8 U.o 3.9 U.U 0.27 0.00 0.35 0.20 
1.0 96.9 97.0 96.5 96.2 3.0 2.8 3.3 3.U 0.$2 0.22 0.18 O.Ut 
1.U 97.6 88.8 9$.S 96.6 2.2 llj. UJi 3.U 0.2$ 0.l5 0.11 0.00 
1.8 98.1 93.8 95.3 95.9 1.7 6.2 U.7 U.O 0.10 0.05 O.OU 0.13 
2.2 98.5 95.0 93.2 96.9 1.5 5.0 6.8 3.2 0.00 0.05 0.06 0.00 
2.U 98.3 96.2 9U.9 95.2 1.7 3.6 5a lt.8 0.00 0.19 0.05 O.oU 
2.6 98.3 97.3 97.3 97.6 1.5 2.7 2.7 2.U O.2U 0.02 O.oU 0.01 
2*8 97.8 98.U 98.3 98.2 2.3 1.6 1.8 1.8 0.00 0.00 0.03 0.00 
Table 9 • Bistributloa of Bock p20^ in Triple Stqperidiosidiate at Varions 
Aoidulations and Curing 
(7$% Acid Concentration, Nortaal Cure) 
Acidolation ^ of Rock P20$ 
Acid F9(K Wat«r Sctluble PoQk Citrate Soluble P«Oi' Citrate 
Sock 0 7 
deya 
lit 28 0 
daqrB 
7 
dayg 
lU 28 0 
day 
7 
dayg 
lU 
days 
28 
iss 
0.5 26.lt 18.5 17.2 16.0 13.9 12.3 lit.3 9.3 59.6 69.3 68.6 7U.7 
I.O 39.1 ia.7 36.3 35.6 8.5 lO.li 11.2 8.1 52.2 I18.O 52.7 56.U 
1.U 53.1 10.6 U9.1 50.6 15.9 9.2 lO.U 6.U 31.1 lt2.2 I1O.6 10.1 
1.6 68.9 66.3 6U.8 6U.6 IU.2 
>• 
8.1 7.8 16.9 25.6 27.U 28.U 
2.2 81i.3 83.5 79.1 81.6 11.1 6.8 10.0 6.7 U.7 9.7 10.8 11.8 
2.U 90.3 89.5 88.7 88.3 7.7 6.8 7.0 5.5 2.0 3-7 I1.2 6.2 
2.6 98.0 98.1 96.5 96.U 2.0 2.9 3.5 0.00 0.25 0.50 0.12 
2.8 98.0 99.9 98.7 97.7 1.9 0.00 1.1 2.1 0.00 0.00 oa5 0.07 
00 
80 
0 Days cure 
60 
7 Days! cure 
4 Doys cure 
28 Days cure 
40 
20 
2.8 2.4 2.0 1.2 0.8 0.4 
Acidulation 
yifKM i2« IffMt o£ en Cconriarrten i^^  
friqparvd vith 75]t H^Nii 
kz 
Upon conversion at the different curing times and Figure 3 
the effect upon the distribution of different 
fractions. 
This Investigation was fotmd uxmsTial In that all of the 
st^erphosphates prepared at acldulatlons below 2.6 underwent 
reversion upon curing. I.e., a gain In citrate Insoluble or 
unavailable with a corresponding loss in available 
The maximum conversion was attained at each acldula-
tlon directly following the reaction, i.e., with 0 days cure, 
U^on curing, conversion decreased at all acldulatlons below 
2.6* The Initial maximum conversion in all cases was 
appreciably greater than that reported in previous investi­
gations {ly for a fully cured st^erphosphate produced 
under similar reaction conditions. The ultimate conversion 
(i.e., following reversion) was about the same, or but 
subtly less, than that previously reported. This unusual 
behavior was duplicated In a second investigation and la 
reported in ^ Appendix A. 
As usual, the per cent conversion Increased with In­
creasing acldialation. It was foimd that the amount of re­
version decreased with Increasing acldulation. With in­
creasing acldulatlon the water soluble P20^ Increased, the 
citrate Insoluble P20^ decreased, and the citrate soluble 
PgO^ decreased slightly. 
lOOr 
Rock 
Rock 
mer 
Water 
 ^ 20 
0.4 0.8 1.6 2.0 2.4 2.8 04 0.8 2.0 2.4 2.8 
Acidulation 
0 Day Cure v 28 Day Cure 
flfv» 3» of m lUUrtvllnUjaB inad Swre* of PA a^eipheiqiiate 
vLth T» ^ 
¥}-
In the tirater soluble fraction, both the acid 
the rock ^ 2^^ Increased but did not change in proportion 
with respect to one another with increasing acldulation from 
0,5 to 2,6, For all these acldulatlons, at all curing tliaes 
the ratio of the acid to the rock P2O5 in the water 
soluble fraction was substantially constant and approximately 
2,6, This indicates that the principal chemical reaction 
was the same at all acldulatlons and further that the phos­
phate rock was reacted unifoimly by the acid. The amovint of 
rock undergoing the principal reaction (the formation of 
monocalclum phosphate) was proportional to the amount of 
acid present. 
At acldulation 2,6 all rock phosphate present underwent 
complete reaction^ since there was no citrate Insoluble 
PgO^, Acldulatlons greater than 2,6 merely Introduced ex­
cess acid and increased the ratio of acid P2O5 to rock 2^^  ^
In the water soluble fraction because of the free acid. The 
principal conversion reaction Equation 1 as described 
earlier (page 9) required a theoretical acldulation of 2.0, 
but did not consider the presence of acid consuming lij:5)urltles 
as the fluorides and carbonates of calcium and the compounds 
of iron and aluminum. To realize 100^ conversion of a rock 
phosphate at an acldulation less than 2,6 it would be 
required that the rock contain less acid consuming impuri­
ties than this rock which was studied. 
At all aoldxilatlons and curing times 96 to 98/^ of the 
acid ^2^^ water soluble fraction. The proportion 
of rock P2O5 that was in this fraction, however. Increased 
regularly with increasing acidulatlon from approximately 20 
to 100^ as Increased portions of the rock reacted. 
Reversion did not affect the distribution of 
the water soluble fraction. 
In the citrate Insoluble fraction there was no acid 
even following reversion. The amount of citrate in­
soluble rock decreased with increasing acidulatlon, but 
Increased at each acidulatlon when reversion occurred on 
curing. This PgO^* being xmassociated with any radioactive 
acid P20^» must come from rock phosphate. The rock P20^ 
accompanying reversion came from the citrate soluble frac­
tion, thus at some time was available P2O5# although never 
having entered into the principle conversion reaction. This 
might be explained by the reversion of some available form 
of tricalcium phosphate to apatite. 
In the citrate soluble fraction the acid ^2^0 
creased sll(^titly while the rock ^ 2^^ decreased with both in­
creasing acldiQatlon and curing time. The net resxilt was a 
small decrease in the proportion of the total ^ 2^  ^
si^erphosphate In this fraction with both Increasing acidu­
latlon and curing time. The small amount of acid P20^ iJi 
this fraction must of necessity have come at some time frcan 
the water soluble fraction. Some small amount of rock 
must therefore have accompanied this acid ^ 29$ fvam the 
water soluble to the citrate soluble fraction. Although the 
actual ratio of acid P20^ to rock ^ 2^^ which underwent this 
change was Indeterminate, it was assumed from the higher 
acidulations as being approximately 2,0« This assumed ratio 
of 2.0 was found to agree with the ratio of acid PgOi^ to 
rock of approximately 2.0, in the free acid fraction of 
superphosphates. (Tables 10-11 and Appendix B) 
Since the acid in the citrate soluble portion was 
only 1 to 3/^ of the total ^he superphosphate, the 
rock PgO^ associated with this acid PgO^.was estimated as 
0.^ to 1.^^ of the total P20^* Actually the rock PgO^ iii 
this fraction varied to as much as 9% of the total P2O5 iii 
the superphosphate. It was concluded, therefore, that the 
rock PgO^ in this fraction existed in two forms, (a) a small 
portion (associated with acid PgO^) which came at some time 
from the water soluble fraction, and (b) a portion (unasso-
ciated X'jith acid ^2^^^ which came entirely from some avail­
able form of rock phosphate. 
In the rock phosphate prior to reaction, 12^ of the 
rock P20^ was citrate soluble, yet after reaction as Mgh as 
1$% of the rock ^ 2^  ^ citrate soluble fraction. 
kl 
even though the portion of "unreacted rock present was 
greatly reduced. The Initial citrate solubility of rock 
phosphate thus contained inadequate rock ^2®^ explain 
this latter portion In the citrate soluble fraction of 
supe rpho sphat e • 
In a separate Investigation, superphosphates were pre­
pared at acldulatlons of l,i|. and 2,i{. with 7^^ rock 
phosphate from which the Initial citrate solubility was re­
moved prior to reaction by extraction with neutral aramonlum 
citrate solution. It was determined that 12% of the rock 
^2®^ was removed from the original rock phosphate by this 
extraction. The citrate Insoluble (or extracted) rock 
phosphate then contained 32.0^ total P20^ (dry basis), 
available ^2®^ basis) (neutral ammonium citrate) and 
0,08^ moisture (as received basis). The composition of these 
s\:^erphosphate8 and the various distributions of in the 
different fractions are presented in Tables 10 and 11 
respectively. In addition to the data as presented for all 
other oases, the distribution of acid P2®5 rock P20^ 
the free acid fraction of the superphosphate was Included in 
this study. The ratio of acid ^2^$ rock P2O5 this 
fraction was approximately 2.0, Figures ii.-6 show the effect 
of curing time upon the distribution of P20^ different 
fractions of these superphosphates. 
Table 10. Composition of Triple Superphosphate Prepared iirith Citrate Extracted 
Phosphate Bock at Various Acidulations and Curing Times 
(7$% H3P(^ Acid Concentration, Normal Cure) 
Acidulation, Loss in 
Acid F20^ Wei^t 
SocF^^ ^ 
Composition, % 
Moisture Total Availi^le iYee Water 
P20$ PgC^ 
Citrate Citrate 
Acid Soluble Soluble Insoluble 
PgO^ P2O5 P2O5 PgO^ 
(analy­
sis) 
Conversion, 
% 
0 dBQrs Cure 
1.U 3.26 UU.U 37.6 0,32 36.1 2.09 6.81 63.2 
2.U 3.78 h7»$ k7*l 1.70 U7.8 I.06 0.39 97.2 
7 days Cure 
1.U U.1 0.76 101.2 38.U 0.16 36.0 2.U2 5.83 68.ii 
2.U 8.2 2.08 h9.h h8,9 0.90 50.2 0.95 O.Bh 96.3 
28 days Cure 
1.U U.5 0.67 1*U.U 37.9 0.09 35.9 2.70 6.ii8 65.0 
2.U 9.6 0.9l» 50.2 U9.7 0.37 U8.6 1.52 0.U9 96.7 
-KBased on original might of the reactants, and calculated using total P20^ of both the 
superphosphate and the reaetants. 
Acid P2(^ determined by colorimetric analysis. 
Ttt>le !!• Distribution and Source of P2^  ^  Triple Supex^ osphate Prepared 
nith Citrate Erbracted Phosphate Rock at Various Acldulations and Curing Tinea 
(7^  ^Acid Concentration^  Noraal Cure) 
Acldulation^ Free Acid P20^ Water Soluble P20^ Citrate Soluble P^O^ Citrate Insoluble P20^ 
i^d P20$ 0 7 28 ~"o 7 25~ ~"o 7 2Si 0 T 55 
Bock P20^ ds^ days d^rs dagrs da;^ days days days days d^rs days days 
Total P20^ distribution (% of total P20^) 
1.U 0.71 0.36 0.20 80.3 81.$ 79,6 U.7 5.5 6,0 15.1 13.2 lU.U 
2.U 3.5 1.7 0.73 97.1 97.2 96.0 2.2 1.8 3.0 0.79 l.O 0.97 
Acid P2O5 distribution (JC of total P2O5) 
1.U 0.5U 0.18 0.11 57.9 58.0 57.U 0.U7 o.la 0.98 o.oi o.oi 0.02 _ 
2.U 2.5 1.3 0.U2 70.1 JO.O 69.5 0,h3 0.61 1.1 0.00 0.00 0.01 ^ 
Rock F2P$ distribution of total PjO^) 
1.U 0.17 0.18 0.09 22.14 23.5 22.2 h.2 5.1 5.0 15.1 13.2 lU.U 
2.U 0.99 0.ii8 0.31 27.0 27.2 26.5 1.7 1.2 1.9 0.79 1.0 0.96 
Acid P2O5 distrlbcrtion (% of acid P20^) 
1.U 0.93 0.31 0.19 99.2 99.3 98.3 0.80 0.71 1.7 0.02 0.02 O.OU 
2.U 3.5 1.8 0.63 99-l» 99.1 98.li 0.61 0.86 1.6 0.00 0.00 0.01 
Rock P20^ dis'tolbution (% of rock P20^) 
1.U O.la 0.U3 0.22 53.8 56.U 53.U 10.0 12.1 12.1 36.3 31.6 3U.U 
2,h 3.U 1.6 1.1 91.8 92.5 90.2 5.9 lt.2 6.U 2.7 3.5 3.3 
a^tar Sidufole P|^  includes Free Acid P20^  
i 
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Surprisingly, the resialts were identical with those 
presented above, with the minor exception that the citrate 
soluble acid which came from the water soluble por­
tion, was somewhat smaller. This Indicated that this por­
tion was originally associated with the citrate soluble por­
tion of unreacted rock, as the amounts were reduced when the 
rock was extracted with citrate solution prior to reaction. 
Once again, large amounts of the rock ^2^5 (to 12^ of the 
rock P20^) were in the citrate soluble fraction. 
It is speculated that some portion of the unreacted 
apatite was defluorinated or decomposed to some available 
foim such as f-tricalclum phosphate which wo\ald provide 
citrate soluble phosphate. At the higher acidulatlons the 
portion of unreacted rock present would decrease, therefore 
the amount defluorinated to the (^- tricalcium phosphate 
would decrease and in turn the rock P20^ in the citrate 
soluble fraction would decrease, as was found in the in­
vestigation. During the curing time if ^-tricalclum phos­
phate in some manner reformed an apatite, the rock ^2®^ 
the citrate soluble fraction would decrease and would 
correspondingly Increase in the insoluble fraction without 
association with radioactive acid P2O5# as was fousad in the 
Investigation. 
The citrate soluble which came from the water 
soluble fraction, i.e., the acid P2O5 ^<3. its associated 
rock calculated to be of the same magnitude as the 
PgO^ required to react with the araoimts of iron and aluminum 
introduced by the converted rock phosphate to form Pe(H2PC^)2 
and Al(H2P0i|^)2, In previous researches it has been shown that 
the iron and aluminum are found predominately in this citrate 
soluble fraction. It was speculated, therefore, that this 
portion of the citrate soluble caused by iron and 
aluminum phosphate. 
The Effect of Acid Concentrations 
The effect of acid concentration on the distribution of 
acid P20^ an<i rock P2O5 in superphosphate was investigated 
using 60, 6^ , 70, 7$ and 80^  H^ POi|. w^o acidulations, 1,1^ . 
and 2,ks and at four curing times from 0 to 28 days. Super­
phosphates produced with 80^ H^PO^i^ were further investigated 
in the early curing period by sampling at three, six, and 12 
hour curing times. All superphosphates were normal cured 
(see page 17)* Th® results are presented In the order of 
increasing acid concentrations. The compositions of these 
superphosphates are presented in Tables 12, Ikt I6, and 18, 
and the various distributions of ^2^^ different frac­
tions are presented in Tables I3, 1^, 17, and 19. Figures 7-
21 show the effect of ciiring time on the distribution of 
P20^ in the different fractions for the various acid 
Table 12 • Ca^>o8ition of Trdple Stqperphosidiate ihrepared at Varioaa 
Aeldulatlons and Curing Tims 
{Soil H3POI1 Acid Concentration^ Honal Cure) 
Acidulation^ Loss in Cogpositiwi. % Conversion^ 
Acid P2O5 Height, Moisture Total Available Trm Water Citrate Citrate"" 
Acid Soluble Soluble £a8aLifl>le % 
2"5 P2O5 P205 P2C5 P2O5 
ut 
0 days Cure 
1.U 3.1 15.88 39.3 31.7 U.96 30.1 2.11 7.58 53.6 
2.U U.7 19.89 la.O 38.5 8.6U 37.7 1.28 2.5U 78.9 
7 days Cure 
1.U 17.7 2.76 Ii6.3 39.3 0.37 36.5 3.35 6.95 63.8 vn 
2.U 22.3 2.52 50.8 5d.U 0.31 U8.9 2.1a 0.39 97.U 
lb days Cure 
1.U 17.7 2.86 I16.3 39.7 0.30 36.2 3.U8 6.6I 65.7 
2.U 23.0 2.50 51.2 50.9 0.33 lj6.3 2.U2 0.30 98.0 
28 days Cure 
1.U 16.2 2.36 1|5.U 39.3 0.25 3U.0 U.03 6.07 67.9 
2.U 21.5 2.26 50.3 50.1 0.16 li5.3 2.76 0.18 98.8 
*Ba8ed on original nei^t of the reactants, and calculated using total P20g % of both 
the siqperphosphate and the reactants. 
Table I3 • Distribution and Source of ^ ^M-ple Sr^rphosphates at Yarloos 
Acidolatlons and Curing Tinea 
(6q^ Acid Concentration^ Horaal Cure) 
Aeidnlatioa^ Water Soluble PaO^ Citrate Soluble Citrate InscAuble ^ 90< 
Acid PgOg 
Bock P2C5 ""0 7 IE 25" "~0 7 31 2?" ""o 7 lE 55" 
day» days days days dayg days days days days days days days 
Total P2O0 distribution (% of total P20^ ^ 
1.U 75.6 78.0 78.2 77.1 5.3 7.2 7.3 9.2 19.1 lli.9 lli.3 13.8 
2,U 90.8 9U.6 9li.$ 93.9 3.1 U.7 U.9 5.7 6.1 0.76 O.61 0.37 
Acid P2C5 distribution (% of total P2O5) 
1.U 57.8 56.5 56.8 56.3 O.Ii3 1.8 1.5 1.9 0.07 0.08 0.07 0.09 
2,U 70.5 67.9 67.6 67.2 0.13 2.7 3.0 3.U 0.03 0.01 O.Ql 0.01 
Rock P2O0 distribution {% of total P2O5) 
l.li 17.8 21.5 21.5 20.8 1».9 5.U 6.0 7.2 19.0 IU.8 llt.2 13.7 
2.U 20.U 26.7 26.9 26.8 2.9 1.9 1.9 2.3 6.1 0.75 O.60 0.36 
Acid P2O5 distribution (JJ of acid P20^) 
1.U 99.2 96.9 97.3 96.5 0.73 3.0 2.6 3.3 0.12 0.lU 0.12 0.l5 
2.U 99.8 96.1 95.8 95.2 0.19 3.9 U.2 U.8 O.OU 0.01 0.01 0.02 
Rock P2O0 distribution (Jt of rock P2O5) 
1.U U2.8 51.6 51.5 U9.8 11*7 13.0 1I4.U 17.3 I45.5 35.5 3U.2 32.9 
2.U 69.3 90.9 9I.U 91.0 10.0 6.6 6.6 7.8 20.7 2.6 2.1 1.2 
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Table lU* Coofpositlcm of Triple Superpho8|diate Prepared at Varloos 
Aeldnlations and Curing Times 
HjPO^ Acid Concentration, Nonaal Cure) 
Aeidolation, Loas in Coapoaitionj % Conrersion^ 
Acid P2O5 le^t. Moisture Total Avail^le Free Water Citrate Citrate 
^ook F20^ ^ ^2^ P2C5 Acid Soluble Soluble Insdluljle ^ 
P2O5 PgOj P2O5 
0 days Cure 
1.U 6.8 16.9^  U2.6 3$.h h.00 31.1 2«88 7.20 59«U 
2.U (-2,$) 13,6$ liO.5 39.5 5.5U Uo.3 1.71 l.oU 91.3 
7 days Core 
1.U 13.5 U.13 h$»9 39.1 0.79 35.0 3.U7 6.82 6U.3 
2.U 16.5 3.67 1»9.8 U9.U 0.35 U8.5 1.81 0.39 97.U 
lU days Cure 
1.U 114.9 2.90 146.7 140.2 0.58 36.3 3.30 6.51 66.5 
2.U 16.7 2.33 51.2 50.8 O.a U5.5 2.1i6 0.36 97.6 
20 diQrs Cure 
1.U 12.6 2.60 I45.I1 39.U 0.32 33.3 3.86 6.00 68.2 
2.U 16.9 2.06 50.0 U9.7 0.05 I43.8 3.00 0.27 98.2 
•Based on original vaight of tiie reactants, and calculated using total P^C^' of both 
the supezjAosphate and the reactants. 
I 
i / 
Table 1^. Dlstribation and Source of ^2^ ^  Triple Superjdiosphatas at Various 
Acldulations and Curing Times 
Acid Concentration^ Normal Cure) 
Acidolationj Water Soluble Citrate Soluble P2^ Citrate Insoltd)le ^2^ 
Acid P2O5 
Hock P2O5 ""0 ? 31 55^  ~o 7 d 2^" "~o 7 531 
days days day* da^ da.B days days days da;ys days days days 
Total P20^ distribution (% of total P20^) 
1.1» 75.5 77.3 78.7 77.2 7.0 7.7 7.2 9.0 17.5 15.1 II1.I 13.9 
2«U 93.6 95.6 9i4.2 93.0 l^.O 3.6 5.1 6.U 2,U 0.77 0,75 0^57 
Acid distribution (% of total P20|^) 
1.U 57.U 56.5 56.6 56.9 0.7U 1.9 1.7 l.U 0.26 O.Ql O.OO 0^06 Q 
2.U 70-3 69.0 67.3 67.1 0.28 1.5 3.2 3.5 0.01 0.00 0.13 0.02 
Rock P20^ distribution (% of total 
1«U 18.2 20.9 22.2 20.2 
o h o) 9 oA A oA a "VC n  >.3 5.8 5.U 7.6 17.2 15.1 Hi.l 13.8 2.U 23.3 26.6 26.9 26.0 3.7 2.0 1.9 2,9 2.U 0.77 0.62 0.55 
Acid P20^ distribution (% of acid P2G^) 
1.U 98.3 96.8 97.0 97.6 1.3 3.2 3.0 2.3 O.liU 0.01 0.00 O.U 
2.1i 99*6 97.9 95.2 95.1 O.UO 2.2 U.6 U.9 0.02 0.00 0,19 0,03 
Rock P2O5 distribution of rock P20^) 
1.U U3.6 50.1 53.1 li8.6 15.0 13.9 13.0 18.2 la.U 36.1 33.9 33.2 
2.U 79.2 90.6 91.5 88.3 12.6 6.9 6.3 9.9 8.2 2.6 2,1 1^ 9 
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Table 16 • Gofl^ositlon of Triple Superphosphate Pr^ared at Various 
Acidulations and Curing Times 
(7Q9( H3POj4 Acid Concentration, Nonial Cure) 
Acidolation, Loss in Caaposition, % ComerBlm, 
^Id Weight, Moisture Total Available Free Water Citrate Citrate 
Rock Soluble Soluble Insoluble % 
?2P$ P2O5 P2O5 P2O5 
0 days Cure 
1.U 2.6 10.68 U2.U 35.8 3.3U 33.3 2.93 6.$9 62.7 
2.U U.U li(.09 U5.5 llU.2 5.37 U2.2 1.5l 1.26 90.6 
7 days Cure 
1.U 6.3 1».26 li3.9 37.1 0.72 36.3 3.10 6.79 62.9 
2.U 8.2 7.05 U7.5 U7.0 2.35 U7.8 1.8U 0.li6 96.7 
ill d^ rs Core 
1.U 3.5 2.7U U2.7 36.1 0.19 36.1 3.1i6 6.59 63.0 
2.1l IU.0 2.50 50.0 1I9.6 0.11 U8.1 2.13 0.36 97.6 
28 diQFS Cure 
1.U 9.9 2.53 U5.8 39.7 0.33 33.2 3.6U 6,o5 68.3 
2.U 12.5 2.20 ii9.8 I49.6 0.06 I1U.8 2.U5 0.l6 98.9 
-Nfiased on original vei^t of the reactants, and calculated using total P20^ % of both 
the supeiidiosidiate and the reactants. 
va 
Tabltt 17. Distributicn and Source of ^ Trijjle Superphosphates at Various 
Acidolations and Curing Times 
(703^ Acid Concentration^ Normal Cure) 
Acidulation^ Water S^uble Citrate Soluble P9O1' Citrate Insoluble 
Acid F2O5 
Bock F205 ""0 7 iC ST" ""o 7 m 2Er~ "Ti 7 HI W 
days days days days days da;^ diyg days days days days days 
Total P20^ distribution {% of total P20^) 
1.U 77.8 78.6 78.2 77.U 6,9 6.7 7.5 8,5 l5.U lU.7 ll».3 lU.l 
2,U 93.9 95.U 95.1 9U.5 3.U 3.7 U.2 5.2 2.8 0.92 0.71 0.3U 
Acid P20i^ distributicm of total F20|^) 
1.U 57.7 57.1 56.1 56.6 0.51i 1.3 2.2 1.6 0.07 0.01 o.oo 0.12 
2.U 70.3 69.2 67.6 67.5 0.31 l.U 3a 3.0 0.01 0.00 0.00 0.00 
Rock P2O5 distribution (J^ of total ^2'^^ 
1.U 20.0 21.5 22.1 20.9 6.3 5.5 5.3 6.9 15.3 lU.7 lli.3 lU.O 
2.U 23.6 26.2 27.6 27.0 3.0 2.3 1.2 2.1 2.8 0.92 0.71 0.3U 
Acid F2O5 distribution {% of acid F20^) 
1.U 99.0 97.9 96.2 97.0 0.92 2 a 3.8 2.8 0.12 0.01 0.00 0.20 
2ji 99.6 98.1 95.7 95.7 0.1i5 2.0 U.3 h,3 0.02 0.00 0.00 0.00 
Rock F2O5 distribution (56 of rock F20$) 
1.U U8.1 51.6 53.1 50.1 15.1 13.1 12.7 16.U 36.8 35.3 3lt.2 33.5 
2.U 80.2 89.1 93.6 91.6 lO.U 7.8 3.9 7.2 9.5 3.1 2.U 1.2 
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Table 18« Conqposltion of Triple Siq)erphosphate Produced at Various 
Acidnlations and Curing Tines 
(8Q^ Acid Concentration^ Normal Cure) 
Acidulation, Loss in Composition. % 
Acid P2O5 Weiglht Ifoisture Total Available Free Water Citrate Citrate 
^ock 5^ ^2^5 ^2^ Acid Soluble Soliible Lisoluble 
P2O5 P2O5 PgCj P205 
Conversion, 
% 
3 hours Cure 
3.2 6.3U It^ .O 37.9 2.3U 3U.U 2.51 7.09 
2.U 3.0 7.83 U8.7 1*7.9 3.30 U6.7 1.28 0.83 
6 hours Cure 
1.U 5.0 6.32 lj6.0 38.6 2.0$ 3h.8 2.17 7.1a 
2.1i 3.5 7.53 U9.8 U8.9 2.76 li6.U I.I6 0.88 
12 hours Cure 
1,k 5.1 6,06 lj6.1 37.7 1.87 35.1 2.11 8.1a 
2.U 3.5 6.86 U8.8 U7.9 2.35 U7.1 1.03 0.85 
62.U 
9U.2 
61.3 
9U.O 
56.1 
9U.1 
-J 
7 days Cure 
1.1* 3.8 3.30 U5.U 38.3 0.37 36.7 3.10 7.10 
2.U U.5 2.63 U9.U U9.O 0.22 U9.3 2.05 0.39 
ll* days Cure 
1.U 6.2 2.9U li6.6 liO.U 0.22 36.U 3.15 6.15 
2.U 9.6 2.25 51.6 51.3 0.09 U9.O 1.79 0.29 
28 days Cure 
1.U U.0 2.75 U5.5 39.3 0.18 33.1 3.51 6.23 
2.U 5.U 2.12 U9.8 U9.7 0.18 li5.2 2.20 O.ll* 
62.3 
97.3 
68.3 
98.1 
67.2 
99.1 
•Based on original ifeight of the ireactants, and calculated using total % of both 
the saporphosphate and the reaetants. 
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Table 19* Distribution and Source of ^ 2^$ In Triple Su] 
Aoldulatlons and Curing Times 
(80^ Aoid Gonoentratlonf Normal Cure 
Aeldulatlont Water Soluble P2% Citrate Soluble PgOi 
Acid PgOi, 
Rock P2O5 "~3 6 12 7 14 W "l 5 12 7 : 
• houra hours houra days days days hours hours hours days di 
Total P2O5 distribution of total P2O5) 
1.4 
2.4 
78.2 78.4 77.0 78.3 79.6 77.3 5.7 4.9 4.6 6.6 
95.7 95.8 96.2 95<.3 95.9 95.1 2.6 2.4 2.1 4.0 
Acid P2O5 distribution of total P2O5) 
1.4 57.0 57.6 57.5 56.4 57.0 56.5 0.86 0*67 0.83 1.8 
2.4 69.6 69.9 69.4 68.3 68.4 67.8 0.94 0.73 1.2 2.3 
Rock distribution of total P2O5) 
1.4 21.1 20.8 19.5 21.9 22.6 20.8 4.9 4.2 3-8 4.8 
2.4 26.1 26.0 26.8 27.0 27.6 27.3 1.7 1.7 0.91 1.7 
Acid P2O5 distribution of acid ^ 2^$^ 
1.4 
2.4 
97.8 98.8 98.5 96.6 97.8 97.0 1.5 1.1 1.4 3.1 
98.6 99.0 98.3 96.7 96.9 96.1 1.3 1.0 1.7 3.3 
Rock P2O5 distribution of rook P2O5) 
1.4 50.7 49.9 46.9 52.5 54.3 49.8 11.7 10.2 9.1 11.5 
2.4 88.7 88.2 91.0 91.8 93.6 92.8 5.7 5.7 3.1 5.7 
od Source of ^2^$ in Triple Superphosphates at Various 
uidulations and Curing Times 
old Conoentrationf Normal Cure) 
Citrate Soluble ^ 2^5 Citrate Insoluble P2^5 
_ g _ - 2.4 28 3 T T!2 7 14~ W 
hours hotirs hours days days days hours hours hours days days days 
5.7 4.9 4,6 6.6 6.9 8.2 16.1 16.7 18.4 15.1 13.5 W.6 
2.6 2.4 2.1 4.0 3.5 4.6 1.7 1.8 1.7 0.75 0*57 0.30 
0.86 0*67 0.83 1.8 1.2 1.7 0.43 0.04 0.07 0.15 0.15 0.09 
0.94 0.73 1.2 2.3 2.2 2.8 0.04 0.02 0.01 0.01 0.04 0.00 
4.9 4.2 3.8 4.8 5.7 6.5 15.7 16.7 18.3 15.0 13.3 l'^ .5 
1.7 1.7 0.91 1.7 1.3 1.9 1.7 1.8 1.7 0.73 0.54 0.30 
1.5 1.1 1.4 3.1 2.0 2.9 0.74 0.06 0.12 "0.25 0.25 0.15 
1.3 1.0 1,7 3.3 3«1 3.9 0*05 0.03 0.01 0.02 0.05 0.00 
J 11.7 10.2 9.1 11.5 13.8 15.6 37.6 40.0 44.1 36.0 32.1 34.7 
J 5.7 5.7 3.1 5.7 4.6 6.3 5.7 6.1 5.9 2.5 1.8 1.0 


0 7 14 21 28 0 7 14 21 28 
Days Curing 
Acidulation 1.4 Acidulation 2.4 
fifBPB 20* SCfMt of CulBg Tte Piftrifeirtiw in Tkipl* aiqpMflMifkiM 
IMlMmA «lth 8Q|^ H^Cl|l aa^ 
Cumulative % Rock P„ 0, Cumulotive % Acid P.O, 
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concentrations. The data for superphosphates produced with 
^3^% were presented previously with the effect of 
acldulatlon. 
The superphosphates prepared with 6o, 6^, 70 and 80^ 
differed from those prepared with 7^% ^3^011, that a 
maximisa conversion was not attained at each acidulation 
directly following the reaction, but rather was attained 
only upon curing from li^. to 28 days. Reversion did not 
occur. This increase in conversion upon curing is the 
usual result experienced in superphosphate studies. 
It was most interesting to find that the maximum con­
versions xghich tatlmately resulted at each acidulation upon 
curing were the same for all acid concentrations and were 
the same as those restating without cure and before rever­
sion at the corresponding acidulation produced with 
^3^%" concentration had no effect upon the maxi­
mum conversion which was attained at any given acidulation. 
The acid concentration, however, did affect the curing time 
reqtilred to achieve this maximum conversion. In general, 
superphosphates produced with 7^^ ®3^0i}. required no cure; 
those produced with progressively less concentrated acid re­
quired progressively longer curing times, and those produced 
with more concentrated acid required a.curing period, 
A 
The results at each acidulation were comparable for all 
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acid concentrations. Many results for 75^ which were 
previously discussed under the effect of acldulatlon, 
appeared Inconsistent with the results for the other acid 
concentrations. However, when It is considered that the 
superphosphates produced with 75^ lost conversion 
(I.e., reverted) with curing time, while the others gained 
conversion with curing time, the resiats are not incompatible, 
A reverse of many of the trends with curing time would be 
required to accorranodate the reverse in processes. Since the 
results pertaining to the 7^^ H^POj^ were described before, 
the following generaliisatlon of results pertalias specifically 
to the other acid concentrations and only in part to the 
H^POj^, The comparison of restJlts for 1^% H^PO^i^ and the 
other acid concentrations provides the difference in effect 
of conversion and reversion. 
In the water soluble fraction at any acldulatlon the 
portion of the total Pa^^ of the superphosphate Increased 
with ciirlng and added conversion (with 7^% acid this re­
mained substantially constant). The part of this water 
soluble ^2^$ which was acid P2O5 remained substantially the 
same throughout curing (actually the same slight decrease 
was experienced as before when a small portion of the acid 
PgO^ changed from the water soluble to the citrate soluble 
fraction). The part which was rock Pa^^* however. Increased 
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with, curing time which indicated that added quantities of 
unreacted rock were being converted by the primary reaction 
(Equation 1) during curing (with 1^% acid this remained sub­
stantially constant). The ratio of acid P20^ rock P2O5 
in the water soluble fraction before curing was higher than 
2,6 (being approximately 3.0 to t^pon curing, however, 
this ratio approximated 2,6, as experienced before. This 
indicated that before curing, unreacted acid existed as free 
acid in the water soluble fraction, Upon curing, however, 
the primary reaction (Equation 1) was completed and the free 
acid was depleted by the excess unreacted rock. Upon 
curing, as mentioned before, a aaall amount of the acid ^2^5 
(from 1 to 3% of the total ^ 29$ superphosphate) de­
creased in the water soluble and appeared in the citrate 
soluble fraction. As before, this amount is presumably 
associated with the phosphates of iron and aluminum. 
Again, in the citrate insoluble fraction there was no 
acid P205* 3^0ck P2O5 fraction at each acidula-
tion decreased with curing time and with added conversion 
(with 75^ acid this increased). In some cases the decrease 
of this rock P2O5 was a larger portion of the total P2O5 than 
was the corresponding increase in the water soluble fraction. 
This difference was accounted for by a concurrent increase 
of rock PgO^ citrate soluble fraction (with 7^% acid 
this did not occxir). Evidently in curing the unreacted 
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phosphate rock was acted on in two ways, (1) by reaction 
vrlth free acid as In the principal reaction (Equation 1), 
and (2) by decomposition or defluorination to some available 
form such as ^-trlcalcium phosphate. 
In the citrate soluble fraction the trends were not 
well defined. At each acldulation the portion of the total , 
of the superphosphate usually decreased first, theii in­
creased with curing time. The part of this P2O5 which was 
acid ^2®^ always increased slightly with curing as acid P2O5 
(1 to of the total superphosphate) came from 
the water soluble fraction. The part of the ^2^5 which was 
rock P2O5 appeared first to decrease (concurrent with a de­
crease in the citrate insoluble rock P2O5). This would seem 
to indicate (1) that while the principal conversion reaction 
(Equation 1) was continuing, the rock P2O5 in the citrate 
soluble fraction was reacting with the free acid (as was the 
unreacted rock) to fozro rock P2O5 water soluble frac­
tion, and (2) that unreacted rock phosphate was decomposing 
to some available form such as tricalclum phosphate. 
In most cases this second indication did not appear 
until the latter stages of curing. It might well be that 
this process was occurring throughout the curing (as indi­
cated in some of the cases), but was masked by the principal 
conversion reaction (Equation 1) removing of rock P20^ in 
the citrate soluble as fast as it was foimed. 
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The effect of acid concentration upon conversion at the 
different curing times is summarized in Figure 22 for all 
five acid concentrations. For a given acid\ilation it is 
apparent that the same maximxon conversion is attainable with 
all acid concentrations, although not necessarily with the 
same curing time. Even after the maximum is attained, con­
version may decrease due to reversion. Therefore at no one 
particiJlar curing time is it likely that all acid concentra­
tions would result in maxim\am conversion. When this is con­
sidered, the present data does not conflict with the reports 
of other researches (|t, In Figure 22 a dotted line was 
plotted which depicts the usual conversions reported for 
superphosphates cured 28-30 days. At that particular curing 
time either incomplete conversion or reversion at both the 
low and high acid concentrations could cause the low conver­
sions reported. In illustration, the conversion in this 
investigation for 75^ H3P0[(. upon 28 days cure (which re­
verted) does not differ materially from that usually 
reported. 
It is most Interesting, that at the maximum conversion 
attained at any given acidulation the distribution of the 
acid and the rock ^.n the various fractions of the super­
phosphate are substantially the same for all acid concentra­
tions, In all these superphosphates at an acidulation of 
l,l|., at a maximum conversion of 68^, the water soluble 
Percent Conversion 
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fraction contained 77-79/^ of the sii^jerphosphate's total 
^2^5* ^6-57^ as acid P2O5 a^id 20-22^ as rock This 
represented 97-98^ of the acid and of the rock 
P20^ in the superphosphate respectively. The citrate soluble 
fraction contained 8-9^ of the total ^2^^* 1-2^ as acid 
and 6-7^ as rock ®iis represented 2-3^ of the acid 
and l6-l8^ of the rock PzO^ respectively. The citrate 
insoluble fraction contained 13-li|.^ of the total 0% as 
acid therefore 13-li}.^ as rock ^ 2^$* This represented 
31-33?^ of the rock Pz^$» 
At acldulatlon 2.i(. at a maximuni conversion of 98-99^ 
the water soluble fraction contained 9it--96/^ of the total 
P2O5, 67-69^ as acid P2O5 and 26-27^ as rock P205« This 
represented 95-98^ of the acid P20^ and 90-935^ of the rock 
P20^ respectively# The citrate soluble fraction contained 
3-6^ of the total ^ z^^t as acid P2O5 and 1-3^ as rock 
P2O15, This represented 2-5^ of the acid P20^ and 6-lOJ^ of 
the rock "^2^$ respectively. The citrate insoluble fraction 
contained 0,3-0.6^  of the total P20^ » 0^  as acid ^ z^ '^ 
therefore 0.3-0,65^ as rock P20^* This represented 1-2^ of 
the rock P20^« 
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The Effect of Curing Conditions 
The data presented In the previous sections were for 
superphosphates which had been normal cwed. The effect of 
other curing conditions are presented In the following. 
Dry cure 
A portion of the superphosphate prepared with 70/^ 
was dry cured (In a desiccator over see page 17) and 
the resulting con^osltlon and distribution of P2O5 pi?©-
sented In Tables 20 and 21 respectively. The compositions 
and distribution of zero day cure are the same as 
presented previously In Tables 16 and 17. Figures 23-2^ 
graphically depict this distribution of cumulatively 
and non-cumulatively. 
At both acldulatlons l,i|. and 2,1;. the same maximum con­
version (69^ and 99^ respectively) was attained as for the 
noiroal cure. This was accomplished upon seven days curing 
(or before) while for the normal cure 28 days were required. 
Upon longer curing reversion occurred resulting In a loss of 
conversion of l\.% and 2^ for the two acldulatlons respectively. 
The distribution of both acid and rock ^ 2^$ maximum 
conversion was substantially the same as previously cited 
for normal curing conditions. The changes in P20^ distribu­
tion with curing time and as a result of reversion are 
Table 20. 
icldulation^ Loss in 
Acid 
Rock i>2(^ 
0 days Cure 
1.U 
2.U 
Cosqpositiaa of Triple Si:^x|diosphate Prepared at Tarioas 
Acidulations and Cuilng Tines 
{^0j^ H3POI; Acid Concentration^ Dry Cure) 
C'oaposition, % 
Weight, Ubistore Total Available Free Water Citrate Citrate 
J6» 
2.6 
i4.U 
10.68 
IU.09 
P2O5 
h2.k 
2^P!$ Acid Soluble St^ uble Insoluble 
35.8 
P2(^  P2O5 
3.3U 33.3 
5.37 1*2,2 
P2O5 
2.93 
1,53 
PS0$ 
6.59 
1.26 
Conversion, 
% 
62.7 
90.6 
7 diQm Cure 
1.U 11.6 l.oU 1)6.6 1)0.6 
2.U 13.2 1.30 50.2 50.1 
ill days Cure 
l.It IU.O 0.65 1*7-9 U0.9 
2.1i 16.3 0.96 52.0 51.7 
28 days Cure 
1.U 11.8 0.6U 1i6.7 ii0.1 
2.U 15.2 0.96 51.U 51.0 
0.12 37.3 3.6U 6.0U 
0.U2 li9.2 1.65 0.08 
0.22 36.8 3-20 7.03 
O.UO U9.1 1.88 0.32 
0.16 33.9 3.26 6.58 
0.17 li6.5 1.92 O.liU 
68.9 
99.5 
6U.8 
97.9 
66.2 
97.1 
OS 
o 
*Based cm original -weight of the reactants, 
the superphosphate and the reactants. 
and calculated using total ^ 2^ ^  both 
Table 21, Distribution and Source of PgO^ in Triple Superphosphates at Various 
Acidolations and Curing Times 
(70^ Acid Cwicentration^ Diy Cure) 
Acidulationj Water Soluble PgOc Citrate Soluble P20^ Citrate Insoluble ^ 2^ 
Acid P20^  
locOi^ ~ 7 m 25" "~o T iir 20^ ""O 7 iC 25~ 
days days days days days days days days days days days daya 
Total P2O5 distribution of total P2O5) 
l.lt 77,8 79.lt 78.3 77.5 6,9 7.8 6,8 7.5 l5.lt 12.9 Hi.? 15.0 
2.U 93.9 96,6 95.8 95.2 3.U 3.2 3.7 3.9 2.8 0.I6 0.62 O.9O 
Acid PgOj distribution (% of total P2O5) 
1.U 57.7 57.0 56,7 56.8 o,5U 1.3 1.7 i.U 0.07 0.00 0.00 0.11 
2,U 70o3 69,U 68.6 68.U 0.32 1.2 2.1 2.2 0^ 01 0.00 0.00 0.00 
Rock P20^ distribution (/5 of total P2C5) 
l,ll 20.1 22.U 21.6 20.8 6.3 6.5 5.1 6.0 l5.3 12.9 lU.9 lU.9 
2.U 23i.6 27.2 27.2 26.8 3.0 2.0 1.6 1.7 2.8 0.I6 0.62 O.9O 
Acid P2O5 distribution (% of acid P2O5) 
l^U 99.0 97.8 97.2 97.U 0.92 2.2 2.9 2^5 0.12 0.00 OiOO 0.I8 
2.1t 99.6 98.3 97.0 96.8 0.1^ 5 1.7 3.0 3.2 0.02 0.00 0.00 0#00 
Bock ^ 2P$ distribuldon (% of rock P2O5) 
1.U ii8.1 53.7 51.9 it9.8 15.1 15.5 12.3 lU.5 36,8 30.9 35.8 35^ 9 
2,U 80.2 92.5 92.5 91.2 10.lt 6.9 5.U 5.8 9.5 0.5U 2.1 3.1 
i' 
1 Cit.lnsol 
Water 
Sol. 
Acid 
A c i d  
7 14 21 28 0 7 14 21 
Days Curing 
Acidulation 1.4 Acidulation 2.4 
Ficar* 2iu Effcet of Gurlz  ^Tint on mttrlbvtloh and Soareo of tn Irlitlo Siqper^oai^ to 
Fx«par«d ulth 709( lod Ihry Coro* 
Cumulative % Acid R 0, Cumulative 7© Rock P 0, 
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identical with those previously discussed. The only effect 
caused by the drying of the superphosphate was to hasten the 
progress of curing and reversion. This provided an example 
in which conversion increased for a short time and then de­
creased on longer curing. 
Simulated pile cure 
The superphosphates prepared with 70^ where the 
reactants had been preheated to 130^ F.« were cured in an 
oven at 1^0® F. to simulate industrial pile curing condi­
tions (see page l6). The resulting composition euid distri­
bution of P2C5 are presented in Tables 22 and 23 respec­
tively. Figures 26-28 graphically depict this distribution 
of P2O5 cumulatively and non-cumulatlvely. 
At both acldulatlons l.lf and 2.1}. the same maximum con­
version (68^ and 99^ respectively) was attained as for the 
70% normal c\ire. This was accomplished on lij. days 
curing for acidulatlon l.lj. and on seven days curing for 
acidulatlon 2,li., Instead of the 28 days for the normal ciire. 
Slight reversion appeared to occur at acidulatlon l,l\. but no 
reversion appeared at 2.1}.. The distribution of acid and 
rock maximum conversion was again substantially 
the same as that cited for normal curing conditions. Again 
the changes in ^ 2'^^ distribution with curing time and with 
the occurrence of reversion are identical with those 
Tabls 2Z« Con^ osition of Triple Sv^ ezphosphate Prepared at Various 
Acidolations and Curing ^ ines 
(10$ I^POj; Acid CiHieentrations, Siotulated Pile Curs) 
Aeidalation, Loss in exposition, % ConTsrsiaiif 
Acid P2O5 Weight, aoisture Total Available Free liater Citr&to Citrate 
^ . Jt» PoOtf PoOc Acid Soluble Soluble Insoluble % 
^ ^ ^  PgOg PgOg FgOg 
0 days Cure 
1.U $.8 8.23 U3.T 36.U 3,06 3U.1 2.63 7.31 5?.9 
2.U 6.6 II.U2 Ii6.6 U.79 ii3.8 1.U7 I.IU 91.7 
7 days Cure 
1.U 8.U 0,30 U7.U 140.7 0.21 36.3 3.89 6.70 66.1 
2.U 1U.$ 0.69 50.9 50.8 0.29 U9.2 I.7U 0.U 99.3 
lii days Cure 
1^  9.1i 0.32 U8.0 la.7 0.21 36.5 4^.23 6.3k 63.3 
2.U 17.8 0.73 53.0 52.7 0.23 U8.it 1.61 0.26 98.3 
28 daya Cure 
1.U 8.0 0.35 1*7.1* liO.7 0.36 33.7 5.82 6.65 66.3 
2.U 15.0 0.61 51.2 51.1 0.11* 1*6.2 1.6U 0.11 99.3 
o 
CV) 
-MBased on original weight of the reactants, and calculated using total of both 
the Bupezphosphate axid the reactants. 
Table 23 • Distiributloa and Source of in Triple Superphoapbatea at Varioua 
leidulations and Curing Tiaes 
(709E Acid Concentration^ Sinulated File Cure) 
Acidulatien^ 
Acid P20$ 
Rock P20^ 
Water Soluble P2O5 Citrate Soluble P2O5 
0 
days 
7 
daji 
lU 
day# 
28 
days 
0 
days 
7 
days 
lU 
days 
28 
days 
Citrate Insoluble 
0 7 51 sT" 
days days days days 
Total P2O5 distribution of total P20^) 
1,U 77.U 77.U 77.5 76,3 6.0 
2«U 9U«U 96.U ^*3 96«U 3*2 
Acid P20^ dietribution {% of total P20^) 
1.U 7^.7 56.5 .^1 .^1 0.58 
2.U 70.U 69,0 68.7 69.2 0.27 
Rock P20^ distribution {% of total P2C^) 
1.U 19.7 20,9 21.U 20.1 5.U 
2.U 2li.O 27.U 27.6 27.2 2.9 
Acid P20^ distribution (% of acid P20^) 
1.U 99.0 97.0 96.2 96.3 1.0 
2.U 99.6 97.7 97.3 98.0 0.38 
Hock P20^ distributim (% of rock P2C^) 
1.U 47.3 50.2 $l,k i*8.U 12.9 
2.U 31.8 93.2 93.9 92.5 9.9 
8.3 9.0 8.7 16.6 1U.3 13.5 15.1 
3.U 3.2 3.U 2.6 0.22 0.52 0.23 
1.8 2.1 2.0 0.00 0.01 0.08 O.I6 
1.6 1.9 l.lt 0.00 0.00 0.01 0.00 
6.5 6.8 6.6 16.6 lU.3 13.U lli.9 
1.8 1.3 2.0 2.5 0.22 0.51 0.23 
3.0 3.7 3.5 0.00 O.d 0.13 0.27 
2.3 2.7 2.0 0.00 0.00 0.01 0.00 
15.7 16.5 15.9 39.8 3lt.2 32.2 35.9 
6.1 1*.3 6.8 8.U 0.75 1.7 0.78 
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discussed previously. The effect of preheating the reactants 
sind the simulated pile cure was to cause drying and hasten 
the con5)letlon of cwlng. Elevated temperatures of 1^0® P. 
appear to have no effect upon the composition or the P2O5 
distribution of superphosphate. 
Wet cure 
A portion of the superphosphates prepared with 
was wet cured (in a desiccator over water, see page 18) 
and the resulting composition and distribution of P2O5 are 
presented in tables 2l{. and 2$ respectively. The data for 
zero days cure are the same as presented previously in 
Tables I6 and 17» Figures 29-31 graphically depict this 
distribution of P20^ cumulatively and non-cmulatlvely. The 
results for this investigation are untosual in that although 
the maximum conversion attained upon seven days curing was 
almost as large aa that attained for the normal cure (67^ 
and 97^)# the distribution of PaO^ was notably different. 
Less rock PgO^ was in the water soluble fraction and corres­
pondingly more rock PgO^ was in the citrate soluble fraction. 
After curing, the ratio of acid PgO^ to rock PgO^ ini the 
water soluble fraction (about 2.8 to 2.9) was greater than 
the 2.6 usually experienced. ThJ.s Indicated that with high 
moisture conditions the principle conversion reaction to 
monocalcium phosphate was inhibited and did not convert as 
Table 2U» Conqposltioi of Triple Superjdiosphate Prepared at Various 
Aeidnlations and Curing Times 
(7QJ( H^FO]^ Acid Concentrati(m> Wet Cured) 
Aeidnlation^ Loss in Conpo8itlon> % Conversion^ 
Acid P20i^ Wej^ty Moisture Total Availal^e Free Water Citrate Citrate 
Bock PgO^ ^ ^2^ ^2^ Acid Soluble Soluble Insoluble ' 
P2O5 PjC^ PgO^ 
0 days Cure 
1.U 2.6 10.68 U2.U 35.8 3.3li 33.3 2.93 6.59 62.7 
2.U U.U IU.09 U5.5 4^.2 5.37 lt2.2 1.51 1.26 90.6 
7 days Cure 
1.U (-1.5) 13.30 1»0.6 35.0 1.83 31.7 3.53 5.58 67.0 
2.U (-0.5) 17.69 U3.U U3.0 3.3U la.l 2.08 0.39 96.9 
lb days Cure 
1.U (^ .2) 15.81 39.5 33.6 2.10 30.8 3.00 5.91 6U.1 
2.U (-2.9) 20.75 U2.U Iil.8 3.2l* 39.8 1.62 0.58 95.3 
28 days Cure 
1.U (-9.5) 20.90 37.6 31.6 1.95 25.9 2.6o 6.03 61.5 
2.U (-16.0) 22.80 37.5 36.5 3.08 33.5 1.19 O.96 91.3 
K^ased on original weight of the reactants, and calculated using total 
the stqperphos{diate and the reactants. 
sO 
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Table 25 • Distribution and Source of ^ 2^^$ ^  Superphosphates at 7aii.oas 
Acidulations and Curing Times 
(70^ Acid Concentration^ Wet Cure) 
Aeidulatiany Water Si^uble "^2^ Citrate Soluble F20^ Citrate IjisolTible P295 
Bock P2O5 0 7 lU 28 
dajrs days days days 
0 
days 
7 
days 
lU 
days days 
0 
days 
7 
days 
lU 
days 
28 • 
days 
Total PgO^ distribution {% of total P2O5) 
1.U 77.8 77.6 77.5 75.1 6.9 
2.U 93.9 9U.3 9U.8 9U.0 3.U 
8.7 
U.8 
7.6 
3.9 
7.5 
3.3 
15.U 
2.8 
13.7 
0.90 
lU.9 
l.U 
17.U 
2.7 
Acid P20^ di8tributi<m of total P20^) 
1.U 57.7 56.9 57.3 57.0 
2.U 70.3 69.7 70.0 69.6 
0.5U 
0.32 
l.U 
0.89 
0.97 
0.6U 
1.2 
1.0 
0.07 
0.01 
0.00 
0.00 
0.01 
0.00 
O.IU 
O.Gd 
Rock P20^ distribution (% of total P2C5) 
1.U 20.1 20.7 20.3 18.1 
2.U 23*6 2U.6 2U.8 2U.U 
6a 
3.0 
7.3 
3.9 
6.6 
3.2 
6.3 
2.3 
15.3 
2.8 
13.7 
0.90 
IU.9 
1.U 
17.3 
2.7 
Acid F2O5 distribution (% of acid P20^) 
1.U 99.0 97.6 98.3 97.6 
2.U 99.6 98.7 99.1 98.5 
0.92 
0.U5 
2.U 
1.2 
1.7 
0.91 
2.1 
1.5 
0.12 
0.02 
0.00 
0.00 
0.02 
0.00 0
 0
 
Bock PgO^ distribution {% of rock P20^) 
1.U U8.1 U9.7 U8.6 U3.5 
2.U 80.2 83.7 8U.U 83.1 
15.1 
10.U 
I7.U 
23.2 
15.8 
10.9 
15.1 
7.9 
36.8 
9.5 
32.8 
3.1 
35.7 
U.7 
U1.U 
9.1 
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xauch trlcalcium phosphate as in tho other cases. The same 
high conversions were realized because correspondingly more 
rock P2O5 was in the citrate soluble fraction. Upon 
curing, considerable reversion (5-6^) vias experienced td.th 
the concurrent loss of rock ^ 2®^ this citrate soluble 
fraction. Again no acid P2O5 found in the citrate in­
soluble fraction, even following reversion. This would 
indicate that considerable portions of rock phosphate first 
decomposed or defluorlnated to some available form such as 
^ - trlcalcium phosphate and later in some manner reformed an 
apatite or other unavailable fom. With exceptions as dis­
cussed, the other P20^ distributions and the changes therein 
with ctirlng were the same as for noiroal cure. 
The effect of wet curing of superphosphate was to re­
duce the conversion of rock PgO^ to monocalclxam phosphate by 
the principal conversion reaction (Equation 1) and to in­
crease the amount of rock P20^ made available by the decom­
position of rock phosphate to some available form. 
There was no indication that the reaction 
Ca(H2P0|j^ )2 + Ca3(P0^ )2 = 1}. CaHPOj^  ^ (3) 
proceeded as generally believed. 
Sealed cure 
Portions of the superphosphates prepared vrith H^PO^i^ 
10l|. 
at the el^t acldulatlons from 0.^ to 2,8 were sealed (from 
the atmosphere# see page 17) tnaaedlately after preparation 
and were sampled after curing lt|. and 28 days at room tem­
perature, The resulting composition and distribution of 
P20^ are presented In Tables 26 and 27 and 28-32 respec­
tively, The composition and distribution of foi* zero 
days cure are the same as presented previously In Tables 1 
and ^-9, Figure 32 depicts the effect upon conversion and 
PigTires 33-36 depict the effect upon distribution of P2O5 
cumulatively and non-cumulatlvely, 
Maxlrnisn conversion for each acldulatlon had been 
accon^llshed vrlthout cure, therefore, the sealed curing 
could not demonstrate any effect upon the primary reaction. 
On sealed curing the superphosphates reverted just as they 
had with normal cure. The distribution of 'upon curing 
was substantially the same as with normal ciarlng. Sealed 
curing had no different effect on these superphosphates than 
the normal curing. Sealed curing did illustrate, however, 
that reversion was not necessarily caused by reducing the 
moisture content of the superphosphates below 2 per cent. 
Quick cure 
Portions of the superphosphates prepared with 7^^ ®3^% 
at the eight acldulatlons from 0,^ to 2.8 were quick cured 
In an oven at 28i}.® P, for five hours immediately after 
Table 26* Ccmposltioa of Trl|^ Superphosphate Prepared at Varlofus 
Acidulations 
(75$ H3F02^ Acid Concenbraticnf lU days Sealed Cure) 
Aeidalationf Loss in CoBposition, % Conversiony 
Aoid PgOtf Weight Moisture Total 
2^95 
Availi^le 
P2O5 
Free 
Acid 
P2O5 
Water 
Soluble 
P2O5 
Citrate 
Soluble 
P2O5 
Citrate 
Insoluble 
P2O5 
% 
0.5 2.6 3.81i 38.6 20.2 0.27 16.U U.13 18.U 28.6 
1.0 5.1U U2.7 33.7 0.81 27.7 =5.lli 9.0U 57.6 
l.h U.6 6.70 ltlt.6 37.6 1.03 3lt.0 2.93 7.05 62.1 
1.8 lt.8 7.80 I46.I U2.5 1.23 38.5 3.56 3.60 78.2 
2.2 U.9 8.23 U7.3 U5.6 1.37 UU.1 1.77 1.65 88.8 
2.1t 3-3 9.06 1J6.9 I16.6 1.75 101.9 1.85 0.32 97.7 
2.6 hm2 9.1a U7.9 U7.9 1.80 U7.3 1.01 0.00 100.0 
2.6 3.5 10.I45 kl.l lt7.7 3.69 U7.7 O.I4O 0.00 100.0 
-x-Based on original ireight of the reactants, and calctilated using total ^2^ ^ both 
the supezphosphate and the reactants* 
Table 27* OtMposltlon of Triple Superphosphate Frepaired at Varioas 
Acidulations 
(J$% H3P0j[,^  Acid Concentration^  28 Sealed Cure) 
Aeidulation« Loss in C(»q)08itl0n. % Comrers^ 
Acid P20^ 
Bock F2O5 
Weight 
5t» 
ifeistare Total 
P2O5 
Arailable 
P2O5 
Free 
Acid 
PgOj 
Water 
Soluble 
2^% 
Citrate 
Soluble 
P2O5 
Citrate 
Insoluble 
P2O5 
% 
0.5 1.5 3.16 38.2 19.3 0.76 16.5 3.50 18.9 25.6 
1.0 2.7 U.9U ia.8 29.7 —- 28.1 2.73 12.1 I12.I 
l.U 3.3 5.85 ii3.9 36.U 1.83 35.1 2.1a 7.1j8 59.1 
1.8 U.5 5.97 1*5.9 it2.1 0.1*9 39.9 2.7I1 3.80 76.8 
2.2 U.U 7.30 U7.0 U5.0 1.29 U3.9 1.67 1.95 86.7 
2.U 1.U 8.05 U6.0 U5.3 1.55 li6.6 1.62 0.73 9U.6 
2.6 3.U 8.8k U7.5 U7.3 1.77 lt7.9 1.02 0.17 98.7 
2.8 6.8 8.5U U9.U i*9.U 3.50 U9.1 0.88 0.00 100.0 
-liBased on original irei^t of the reactants^ and calculated tusing total % of both 
the superphosphate aisd the reactants. 
H 
o 
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Tabl* 26* DistarUmticm of Total P20^ in Trii>l« Stqyex^osj^t* at Vaxloas 
Aeldulationa and Gtirlng TIms 
(75^ Acid Concentration^ Sealed Cure) 
Aeidnlation % of Total P2O5 
Acid P20$ Water Soluble P2q$ Citrate Soluble PaO^ Citrate Xnac^uble P20$ 
0 Hi §5 o iU §3 o iS 55 
days days days days days days days days days 
0.5 50,0 U2a U2,5 10.2 10,6 9,0 39-8 ItT.U lt8,6 
1.0 68,0 66.2 65.5 5.6 12,3 6,k 2S,h 21.6 28.2 
1.U 79.0 77.U 78.0 7.9 6.7 5.U 13.1 16.0 l6.6 
1.8 87.7 8U.U 86.0 6.2 7.8 5.9 6a 7.9 8.2 
2.2 9U.1 92.8 92.lt lt.5 3.7 3.5 1.5 3.5 U.1 
2.1t 96.0 95.1i 95.3 3.5 3.9 3.3 0.61 0.68 1.5 
2.6 98.2 97.9 97.5 1.6 2.1 2.1 0.09 0.00 0.35 
2.8 98.0 99.2 98.2 2.2 0.83 1.8 0.00 0.00 0.00 
Table 29* Distribution of Acid ^ 2'^ ^  Triple Superj^osphata at Variooa 
Aeidulatlons and Curing Times 
(75^ Acid Concentration, Sealed Cure) 
Aeidulation % of Total P2OS 
Acid ?20i Water Soluble P20$ Citrate Soluble P2O5 Citrate ^Disoluble P20^  
Eock F2^ 0 111 28 0 lU 28 0 111 28 
days days di^ 6ajw days days days da^ di^ 
0.5 32.3 31.7 31.7 O.9I1 1.5 1.6 0.09 0.16 0.05 
1.0 1*8.5 U8.7 Ud.1 1.3 1.U 1.5 0.26 0.00 0.55 
1.U 56.8 56.5 56.9 1.3 1.7 1.3 0.15 0.12 0.20 
1.8 63.1 61.I1 62.5 1.1 2.9 C.06 0.03 0.09 
2.2 67.7 67.1 67.3 1.0 1.6 1.U 0.00 0.02 0.03 
2.1 69.U 69.1 69.6 1.2 1.1 0.00 0.01 0.00 
2.6 71.0 71.1 71.0 1.1 1.1 1.1 0.17 0.00 0.01 
2.8 72.2 72.9 72.5 1.7 0.82 1.3 0.00 0.00 0.00 
Table 30« Distribution of Rock ^2^5 Triple Stroerphosphate at Various 
Acidalations and Curing Tioes 
(T$% Acid CoxsQentration, Sealed Core) 
Acidulation % of Total ?20^ 
Acid 
Rock ^2^^ 
Water Soltible PgO^ Citrate Solia>le P2O5 Citrate Insolwble ?2^ 
0 lit 
dEQTS 
28 
days 
0 
d^B 
lit 
days 
2d 
days 
0 
daya 
lit 
days 
28 
daya 
0.$ 17*6 10.U 10.8 9.3 9.1 7.U 39.7 U7.2 lj8.6 
1.0 19.6 17.U 17.U 1».5 10.9 1|.9 26.1 21.6 27.7 
IM 22«1 20.9 21.2 6.6 5.0 U.1 13.0 15.8 16.U 
1.8 2ii.6 23.0 23.5 5.1 li.9 U.2 6.0 7.9 8.1 
2.2 26 .U 2^ .6 25.1 2.1 2.1 1.5 3.5 U.1 
2.U 26.6 26.3 25.7 2.3 2.5 2.2 0.60 0.67 1.5 
2.6 27.3 26.8 26.5 0.55 0.99 0.9U 0.00 0.00 0.3U 
2.8 2^ .6 26.3 25.8 0.53 O.OL 0.50 0.00 0.00 0.00 
31» Distribution ot Acid P2C^ in Tripla Superphosphate at Various 
Acidulatiorffl and Curing Tin«» 
(7$% Acid Concentration, Sealed Cura)* 
Acidnlation % of Acid ?2^ 
Acid P2C^ Water Soluble Citrate Soluble P2C5 Citrate Insoluble PgO^ 
Rock FaO^ 0 aii 2^ 0 iu 28 0 — "••a" 
di^ days dsQni days deors days diQrs dsye diQrs 
0.5 97.0 95.0 95.1 2.8 I4.5 lt.8 0.27 0.1;8 0.16 
1.0 96.9 97.U 96.1 3.0 2.7 2.9 0.52 0.00 1.10 
1«U 97.6 97.0 97.5 2.2 2.9 2.2 0.25 0.21 0.35 
1*8 98.1 95.5 97.1 1.7 U.U 2.7 0.10 O.OU 0.1U 
2.2 98,5 97.6 97.9 1.5 2.3 2.1 0.00 0.03 O.OU 
2,U 98.3 97.9 98.5 1.7 2.1 1.5 0.00 0.01 0.00 
2*6 98.3 98.5 98.5 1.5 1.5 1.6 0.2U 0.00 0.01 
2.6 97.8 98.9 98.3 2.3 1.1 1.7 0.00 0.00 0.00 
H 
H 
o 
Zabla Distribution of jBoek in Triple Siq>erp9iosphat« at Vaz^oTis 
Acldulations and Curing Tines 
(J$% Aoid Concentration^ Sealed Cure) 
Aeldolatloa % of Rock P20^ 
Acid P20$ 
Boek ?2^  
Water Soluble ?2^  Citrate Soluble Citrate Insoluhle ^ 2^ 
0 lb 
dBQ^ 
28 
days 
d 
dajrs 
lU 
dajs 
28 
days 
0 
days 
Ik 
days 
2B 
days 
0*5 26.U 15.7 16.2 33.9 13.7 11.1 59.6 70.7 72.8 
1.0 39,1 35.0 3U.9 8.5 21.8 9.8 52.2 li3.2 55.3 
X.h $3*1 5b.I 50.7 15.9 12.0 9.8 31.1 37.9 39.U 
1.8 68.9 6U.U 65.7 lU.2 13.8 11.7 16.9 22.0 22.7 
2.2 8U.3 82.3 80.U 11.1 6.8 6.7 U.7 U.0 
2«li 90.3 89.U 87.U 7.7 8.U 7.6 2.0 2.3 5.1 
2.6 98.0 96.5 95.U 2.0 3.6 3.U 0.00 0.00 1.2 
2.8 98.0 99.9 98.0 2.0 O.OU 1.9 0.00 0.00 0.00 
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preparation (see page 17)• purpose was to completely 
dehydrate the superphosphate. The resulting composition and 
distribution of p20^  are presented in Tables 33 and 3I1.-38 
respectively. The con^jositlon and distribution of for 
zero days cure are the same as presented previously in Tables 
1 and 5-9» KLgure 37 depicts the effect upon conversion and 
Figure 38 depicts the effect on the distribution of 
As cited before, the maximum conversion at each acidu-
lation had been acconqalished ^^ithout curing. On quick 
curing, the superphosphates reverted in five hours the same 
amount as \d.th normal curing for 28 days. The distribution 
of P2O5 was significantly different from all other cases in­
vestigated. Considerably more water soluble l^oth acid 
and rock PgO^ i» a ratio of approximately 1 to 1, 
became citrate soluble P20^ upon curing (iq) to lij.^ of the 
total P20^)*. This change involved considerably more PgO^ 
than could be accounted for as phosphates of iron and 
aluminum. Ho explanation is forthcoming. 
Once again no acid Pa^^ was involved in reversion. The 
amount of rock vxhich became citrate insoluble at each 
acidulatlon, however, was the same amount which was citrate 
soluble before cure. Comparison of the loss in weight and 
the loss in moisture In these superphosphates upon curing 
Indicated that water of crystallization or bound water 
present in the si^erphosphates was approximately the theoretical 
Table 33* Con^pciaition of Triple Supeiphosphate Prepared at Vartous 
Acidulatiou 
(755^ H^Pt^ Acid Concentration^ Quick Cure) 
ACXUUUddl UXUiXj 
Acid PgC^ 
Eock P20^ 
xiudo xa 
Wei^t 
Jg* 
Hoistore Total 
P2O5 
uumpusfxojL 
Available 
PgC^ 
•oil. 
Acid 
P2^  
feater 
Solxihle 
P2O5 
Citrate 
Soluble 
P2O5 
fliiraie 
Insoluble 
P2O5 
uouv ex'aj 
% 
0.5 9.2 — ia.$ 22.5 0.77 IU.6 6.5U 19.0 31.3 
1.0 12.7 
•— 
Ij6.6 32.9 3.81 26.2 5.88 13.7 U1.2 
1.U 15.2 0.02 50.3 2a.o 0.69 32.1 7.80 9.25 55.9 
1.8 16.0 52.3 li6.8 0.23 38.7 7.86 5.51 70.5 
2.2 1^ .U — 53.1 51.2 2.13 U6.1 3.52 1.91 88.5 
2.U 10.3 0.00 50.6 U9.7 0.70 U6.U 2.60 0.90 9U.0 
2.6 17.9 -— 55.8 55.5 o.ia 50.9 2.U2 0.27 98.3 
2.8 20.3 57.7 57.7 0.51 53.5 1.06 0.00 100.0 
-HBased on original weight of the reactante, and calculated lusing total ^ 2'^ ^  both 
the superphosphate and the reactents. 
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Table 3h, Distribution of Total ^ 2^ in Triple Superi^osphate at Various 
AciduLations and Curing Ttras 
Acid Concentration^ Quick Cure) 
Acidulation % of Total ?2'^  
Acid P2O5 Water Soluble PgO^ Citrate Soluble PgOi^ Citrate Insoluble ^295 
Eock 0 
da^is 
Quick 
Cure 
0 
da^^ 
Quick 
Cure 
0 
dtiyu 
Quick 
Cure 
0.5 50.0 36.U 10.2 16.3 39.8 ki.3 
1.0 68.0 57.1 5.8 12.9 26.U 30.0 
1.U 79.0 7.9 15.9 13.1 18.8 
1.8 87.7 7U.U 6.2 15.1 6.1 10.6 
2.2 9ka 89.5 U.5 6.8 1.5 3.7 
2.b 96.0 93.2 3.U 5.0 0.61 1.7 
2,6 98.2 95.0 1.6 lt.5 0.09 0.5U 
2.8 98.0 98.1 2.2 1.9 0.00 0.00 
TaKLe 35. Distribution of Acid  ^Triple Supej^ phosphate at Tarlous 
Acidulations and Ctolng Times 
(75^ Acid Concentration^ Quick Cure) 
Acl<hilation ^ of Total 
Acid Water Solxible P20^ Citrate Soluble ^ 2^ Citrate li^olubIe -'^2^ 
Bock P2^ 0 Quick d Quick 0 Qnlek 
days CUTO days Curs days Cure 
0.5 32.3 27.8 0,9U 0.09 0.32 
1*0 k8.$ li3.3 1-3 6.6 0.26 0.15 
1.U U8.$ 9.5 O^lS 0.30 
1-8 63.1 58.2 1.1 6.1 O.C6 0.01 
2.2 67^ 7 65.5 1.0 3.3 0.00 0.02 
2.U 69,U 68.0 1.2 2.5 0.00 0.01 
2.6 71.0 69.2 1.1 3.0 0.17 0.03 
2.3 72.2 71.8 1.7 1.9 0.00 0.00 
H 
ro 
Table 36, Blstrlbotion of Rock ^ Triple SiqMx^osphate at Varloas 
Aeldulatlona and Curing Unas 
{1$% Acid Ceneentratlon^ Qoiok Cure) 
Aeldalatl<m % of Total 
Acid PgOg Water Soluble Citrate Soluble P2C^ Citrate Insoluble ^ 29$ 
Roek F20^ 0 
days 
Quick 
Cure 
0 
days 
Quick 
Cure 
0 
dajri 
Quick 
Cure 
0.5 17.6 8.7 U.O 39.7 U7.0 
1.0 19.6 11.9 U.5 6.3 26.1 29.8 
l.b 22.1 16.9 6.6 6.U 13.0 18.5 
1.8 2U.6 16.2 5*1 9.0 6«0 10.6 
2.2 26.U 2U.0 3.5 3*7 
2Jk 26.6 2S.2 2.3 2.5 o.6o 
2.6 27.3 25.8 0.55 1.5 0.00 0.51 
2.8 2^ .8 26.3 0.53 0.02 0.00 0.00 
Table 37 • Distrlbatlon of Acid P2^ in Triple Superphosphate at Various 
Acidulations and Curing Tines 
{1$% Acid Conoentration^ Quick Cure) 
Acidulation % of Acid PgC^ 
Mid P2Qg Water Soluble P20$ Citrate Soluble P2O5 Citrate Xnsolubls P2 O5 
ttOCK 0 
day 
Quick 
Cur« 
0 
days 
Quick 
Cure 
0 
days 
Quick 
Ctire 
0,5 97.0 83.3 2.8 15.8 0.27 0.95 
1.0 96.9 86.6 3.0 13.1 0.52 0.29 
1.U 97.6 83.2 2.2 16.3 0.25 0.51 
1.8 98.1 90.5 1.7 9.5 0.10 0.01 
2.2 98.5 95a U.9 0.00 0.03 
2.U 98.3 96.5 1.7 3-5 0.00 0.01 
2.6 98.3 95.9 1.5 U.1 0,2h O.OU 
2.8 97.8 SlJk 2.3 2.6 0.00 0.00 
Taibls 38 • Diatrilmtion of Hock ^ Triple Saperphosj^te at Various 
Acidnlations and Curing Tinss 
(1$% Acid Coneentration^ Quick Cure) 
Acidulation % of Hock P20$ 
^20$ Water Solublo PgGt Citrat* Soluble Citrats Insoluble Pg®? 
Soek^O^ 
0.5.1,0 
1.U 
1.8 
2.2 
2.U 
2.6 
2.8 
0 Quick 0 Quick 0 Qtdek 
da^ Cure days Cure days Cure 
26.U 13.0 13.9 16.5 59.6 70.5 
39.1 27.7 8.5 12.6 52.2 59.6 
$3.1 Uo.U 15.9 15.2 31.1 I1U.5 
68.9 hS.h lU.2 25.1 16.9 29.6 
81(.3 16»9 11.1 11.3 U.7 11.8 
90.3 85.6 7.7 8.5 2.0 5.9 
98.0 92.6 2.0 5.6 6.00 1.8 
98.0 99.9 2.0 0.08 6.00 0.00 
lOOr 
RUck\ 
Water 
Sol 20 
0.4 0.8 :.z 16 2.0 2.4 28 0.4 0.8 1.2 1.6 2D 2.4 2B 
Acidulation 
0 Day Cure Quick Cure 
M 
ro 
vn. 
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amounts expeptod if all water soluble PgO^ were raonocalclum 
phosphate monohydrate. Botind'water represented 3-6?^ of the 
composition of the at^erphosphates depending on the acidula-
tion and resulting conversion, (For normal cure at room 
temperature, it was determined that the loss in weight on 
curing almost exactly accounted for the loss in moisture on 
cvirlng. This indicated that the monocalciura phosphate 
monohydratei formed during acidulatlon and not on curing,) 
The effect of quick curing of superphosphates at 
elevated temperatures of 281}.° F. was to materially alter 
their chemical composition as denoted by the distribution of 
P20^ in the various fractions. 
With the exception of the last case, where curing at 
elevated ten5)eratures of 28l|.° F, materially altered the 
chemical coij5)osltion and ^2®^ distribution, the principal 
differences, in all of the superphosphates appeared to be 
wholly related to the moisture content of the superphos­
phates, The effect of the various curing conditions and the 
different acid concentrations were cmblned to illustrate 
the effect of drying on the coinr'ersion attained in super­
phosphates, For superphosphates produced with 70^ ^ ^3^% 
data for normal cure^ dry cure and heated owe were com­
bined, For superphosphates produced with 75?^ the data 
for nomal cure, both tracer and non-tracer, and quick cure 
were combined. With 60, 6^ and 80^ only noi»raal cure 
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data were available. This comparison of conversion and 
moistiire content to show the effect of drying, is presented 
In Figures 39 and lj.0 for acidulations l,l^ . and 2,ij. 
respectively. 
In general the initial conversion was dependent upon 
acid strength, the more concentrated the acid the greater 
the initial conversion. Seventy-five per cent pro­
vided the highest initial conversion. More concentrated 
acids resulted again in lovier initial conversion (perhaps 
due to poor mixing). Upon drying the superphosphates to a 
moisture content of 1,^-2,5^, however, acid concentration 
had no effect. The same maximum conversion was attained by 
all st^erphosphates for a given acidulatlon. Substantially 
the same distribution was found for all superphosphates 
at maximum conversion for a given acidulatlon, X%>on further 
drying, below this critical moisture of 1,5**2.5/^ in the 
superphosphate, reversion occurred as Indicated in Figures 
39 and it-O by the loss of conversion. It may not be 
generalized, however, that this was the cause of reversion 
as it will be recalled that reversion also occurred at much 
higher moisture contents in the wet cured jsuid sealed cured 
investigations. 
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COifOLUSIONS 
1. In the experimental triple superphosphates prepared 
imder various conditions, no acid founii in the 
citrate insoluble fractions, tJhless the s\:iperphosphates 
were heated at approximately 281;.° P., 96-98^ of the acid 
remained water soluble, and only 2 to li.% of the acid 
became citrate soliible upon curing. 
2. Rock appeared to becoiae available in two dis­
tinct ways: 
a, by the reaction of phosphate rook with acid in 
the principal conversion I'eaction fonoing 
monocalclm phosphate (ifater soluble), and 
b. by the decomposition or defluorination of 
. phosphate rock to an available form such as 
tricalciuta phosphate (citrate soluble), 
3. Rock phosphate was reacted uniformly by the acid to 
monocalciuttt phosphate and the amount of rock phosphate re­
acted x^as proportional to the amount of acid present. For 
all acid concentrations, for all acidulations up to 2,6, and 
for all curing conditions below ZQh^P F,, after maximum con­
version was attained the ratio of acid ^2®^ rock ^ 2^^ ^  
the water soluble fraction was always approximately 2,6, 
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II-. The citrate soluble fraction of the superphosphates 
was composed of two parts, (a) a small amount of water 
soluble (containing acid rock P2O5 a ratio 
of approximately 2 to 1) idilch became citrate soluble upon 
curing, and (b) a much larger amount (depending upon acldu-
latlon) of citrate Insoluble rock ^ 2^^ which became citrate 
soluble without having entered Into the principal conversion 
reaction. 
The former portion was found to be associated with the 
Initial citrate solubility of unreacted rock phosphate and 
was calculated to Involve approximately the same amount of 
^2^5 that would be combined as phosphates of the Iron and 
aluminum from the reacted rock. The latter portion was 
found not to be associated with the Initial citrate solubility 
of unreacted rock but was dependent upon the amoiints of un­
reacted rock remaining in the superphosphate. It was pre­
sumed that this latter portion was caused by the decomposi­
tion or defluorination of unreacted rock phosphate to some 
available form such as tricalciimi phosphate. 
At each acidulation a certain maximum conversion 
was attainable. At maxliam conversion for any given acidu­
lation, the distribution of ®11 superphosphates was 
substantially the same. The effect of increasing acidulation 
was an Increase in water soluble rock with a corres­
ponding decrease in citrate soluble and citrate Insoluble 
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rock thua added conversion, 
6, Under certain conditions reversion occurred upon 
cxirlng. I.e., citrate Insoluble PgO^ Increased while available 
P20^ correspondingly decreased* The only ^ 2^$ Involved in 
reversion was rock ^ citrate soluble Traction, 
The distribution of acid and rock the water soluble 
fraction was unaffected by reversion. Reversion was pre­
sumed to be the reformation of some \inavallable form of rock 
PgO^ such as apatite from some available form such as 
tricalclum phosphate. The cause of reversion was undeter­
mined. 
7« Acid concentration appeared to have no effect upon 
the coanpositlon of the cured superphosphates. At any given 
acidulatlon the same maximum conversion was attained for all 
superphosphates, although they were prepared with different 
acid concentrations, 
8, Various curing conditions appeared to affect the 
st^erphosphates only in the manner in x-diich they controlled 
their drying. Superphosphates produced vsith. 75/^  
attained maximum conversion at each acidulatlon without 
curing, i.e,, with zero days cure, A possible explanation 
is that 7$% sufficiently dilute to peiuiit good 
mixing yet sufficiently concentrated to result in a rela­
tively dry product (thus high conversion) when the super­
phosphates were mixed and ground according to the procedure 
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used In this investigation. 
9fc Elevated curing ten^eratures of 1^0° F, and re-
actant ten^jeratures of 130° P. did not appear to affect the 
gT:^erpho3phate in any manner. The ctiring processes and in­
creased conversion occurred more rapidly, but the distribu­
tion of P2O5 maximum conversion at any given acidulation 
was not changed* Elevated curing ten^ eratures of 28i|.° F, 
did affect the superphosphate, GThe chemical con5>03ition and 
distribution of P20^ was materially altered. Large amounts 
of water soluble with an acid rock Pa^^ ratio 
of approximately 1 to 1, became citrate soluble at this 
temperature. The amounts of P20^ involved in this change 
are larger than may be attributed to the phosphates of iron 
or aluminum, 
10, No indication was foxind that the reaction 
Ga(H2P0l|_)2 + OajPOii^ s= k. CaHPO[|^ 
would proceed under any conditions Investigated, 
11, A moisture content of 1,^ -2,^ 5^  of the superphos­
phate appeared to be the critical value at which all super­
phosphates attained maximum conversion. 
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RECOMMEMDATIONS 
1, Additional Investigation Is suggested for super-
phospliates produced with concentrated namely 7^ or 
80/^ to determine the optimum conditions >jhereby maxi­
mum conversion may be attained vdthout curing. It Is sug­
gested that appropriate grinding of the superphosphate will 
result In a fully cured product Immediately following 
acldulation. 
2, Additional investigation is suggested to determine 
the causes of reversion. It is suggested that supei»phos-
phates prepared' with chemically pure tricalclum phosphate 
and progressively adulterated with calcium fluoride may 
establish if the formation of an apatite Is responsible for 
reversion. Additional studies are suggested using pure 
natural apatite * synthetic apatite, and various rocks of 
different purity. It is further suggested that optimum 
conditions may be determined to minimize the amounts of 
reversion and to retain a maxlmtan amount of citrate soluble 
from the rock. 
13^  
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APPENDIX A 
Acidiaatlon Studies with Non-Tracer 7^/^ 
Because of the unusual results, namely reversion, at 
each acidulation in the investigation with 7^^ (tracer), 
additional investigation vras conducted. The studies on the 
Effect of Acidulation were duplicated using non-tracer 7^  ^
H3P0j^, As before, eight acidulations, 0.5 to 2,8, vrere used 
and the superphosphates were allowed to normal cure 10, 1^  
and 30 days. The compositions of these superphosphates are 
presented in Tables 39-1}!. and the distribution of total P2O5 
is presented in Table 1]^, Figure ijJl depicts the effect of 
acidiaatlon on conversion for the various curing times. 
The results of this investigation repeated the unusual 
findings. Reversion occurred at all acidulations and to 
substantially the same extent as reported for 1$% B[3P0i|. 
(tracer) studies on the Effect of Acidulation, The distri­
bution of total various fractions of the super­
phosphate were substantially the same as before. 
Tisble 39# Cofl5)ositlcm of Triple Sx^ jerphoaphate ft-epared at Yarions 
Acididations (Non-Tracer) 
(75j6 H3P01| Acid Concentration, 10 days Horsal Cure) 
Acidulation, Loss in Composition, % ComrersioD, 
Acid P2O5 
Kock P20^  
Weight 
%* 
Moisture Total 
P2O5 
Availelble 
P2O5 
Free 
Acid 
P2O5 
Water 
Soluble 
P2O5 
Citrate 
Soluble 
P2O5 
Citrat* 
Insoluble 
P2O5 
% • 
0.5 
1.0 
6.9 
13.9 
1.91 
2.15 
liO.2 
1*7.1 
22.U 
fe.2 
0.12 
0.35 
17.1 
27.2 
U.81 
1*.21 
17.8 
11.9 
32.9 
li5.0 
1.U 10.0 2.1a li7.0 ltO.7 0.1t2 36.0 3.96 6.35 67.0 
1.8 10.5 2.23 0.U9 la.o 3.23 U.ii3 7U.5 
2.2 10.7 2.18 50.5 U9,9 0.1j6 146.0 3.18 0.65 95.8 
2«U 12.1 2.32 51.8 51.U 0.53 U5.5 2.97 o.Ut 96.8 
2.6 11.0 2.71 50.5 50.5 0.75 U9.6 1.28 0.00 100.0 
2.8 10.9 h.83 51.7 51.7 2.U2 51.6 O.lilt 0.00 100.0 
^ased on original weight of the reactants, and calculated using total of both -ttie 
superj^osphate and the reactants. 
Table UO • Conqpositlon of Trifle Superphosphate Prepared at Various 
Acidulations (Non-Tracer) 
(7$% H3F0^ Acid Concentration, 1$ days Hormal Cure) 
Acidulationj Loss in CooqjositLon, % Conversion 
Acid P2^  
Bock P2C5 
Weight, 
%* 
Moisture Total 
P2O5 
ikrailable 
P2O5 
Free 
Acid 
P2O5 
Water 
Soluble 
P2O5 
Citrate 
Soluble 
P2O5 
Citrate 
Insoliible 
P2C^  
% 
o.S 6.0 1.5U 39.9 20.9 0.23 18.2 3.98 19.0 30.9 
1.0 lli.O 1.82 1*7.3 36.3 0.1i3 30.0 h.22 11.0 51.6 
1.U 9.8 2.02 U7.0 39.9 l.lU 38.0 3.20 7.10 6U.6 
1.8 15.5 1.81 51.9 U7.5 1.U3 U3.0 2.5U U.39 75.U 
2.2 IU.5 1.87 52.6 50.3 l.li6 U8.7 1.98 2.3U 85.9 
2.U 13.5 1.81 52.5 51.6 1.25 51.9 2.98 0.9U 9U.3 
2.6 15.6 2.38 51t.2 5U.1 1.73 57.3 1.33 0.13 99.2 
2.8 12.9 5.37 53.0 53.0 3.21 51.2 2.22 0.00 100.0 
^ased on origiiial weight of the reactants, and calculated usii]g total P2P^ of both the 
si^rphosphate and the reactanbs. 
Table Ul* Craqposlticm of IViple Supez^osphate Prepared at Various 
Acictalations (Non-Tracer) 
(75^  H3P02^  Acid Concentratdon, 30 days Normal Cure) 
Acidulatitm, Loss in CosrpositioQ. % Conversion^ 
Acid P2% 
Bock P20^  
Wei^ t, 
%* 
Moisture Total 
P2O5 
Available 
P2O5 
Free 
Acid 
P2O5 
Water 
Soluble 
P2O5 
Citrate 
Soluble 
P2O5 
Citrate 
liisc^ uble 
P2O5 
% 
0.5 8.3 1.61 i*0.9 21.3 0.32 I7.U 3.1*5 19.6 27.5 
1.0 10.5 lt5.5 33.0 o.liU 28.2 2.86 12.5 1*2.5 
1.U 9.6 1.85 I16.9 39.0 0.140 31.7 5.90 7.92 58.2 
1.8 9.0 2.00 usa h3*l 0.56 33.U 9.29 U.99 70.8 
2.2 10.5 1.91 50.3 U8.3 0.73 h2.7 U.3U 2.02 86.6 
2.U 9.U 1.91 50.2 U9.2 0.52 h3.6 6.82 1.02 93.3 
2.6 10.3 2.39. 51.0 50.8 1.10 ia.2 9.7U 0.19 98.7 
2.8 10.0 5.U2 51.2 51.2 2.61 38.U 12.78 0.00 100.0 
-NBased <xa original neight of the reaetants, and calculated using total ^ 29^ both the 
superphosphate and the reactants* 
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Table k2 • Distribution of Total ^ 2^  ^  Triple Superphosphate at larioaa 
Acldulations and Curing Tines (Non-Tracer) 
(7$% Acid Concentration^  Normal Cure) 
Acidulation;, ^ of Total P20$ 
Acid PgPS P^irme Acid Water Soluble Citrate Soluble Citrate Bisoluble 
Rock P2O5 10 33 W "So 15 30~" "io 15 30 ~io 53 35 
days days dajw days da^ days days days days days days dsys 
0.5 0.31 0.55 0.80 U3.0 ltli.2 I43.2 12.1 9.7 8.5 I1I4.8 U6.1 U8.5 
1.0 0.82 0.96 1.0 62.8 66.U 6U.6 9.7 9.3 6.6 27.6 2k»2 28.8 
l,h 0.91 2,li 0.89 77.6 78.6 69.6 8.6 6.6 13.0 13.7 IU.7 I7.U 
1.8 1.0 2.9 1.2 8U.0 86,0 70.1 6.6 5.1 19.5 9-1 8.8 10.il 
2.2 0.92 2.8 1.5 92.3 91.8 87.1 6.U 3.7 8.9 1.3 u.u U.1 
2.U 1.1 2.2 1.0 93.1 93.0 8U.9 6,1 13.3 0.90 1.7 2.0 
2.6 1.5 2.9 2.2 97.5 97.5 80.6 2.5 2.3 19.0 0.00 0.22 0.37 
2.8 h.7 6.0 5.1 99.2 96.0 75.0 0.85 h,2 25.0 0,00 0.00 0.00 
ifWater Soluble PgO^ includes Tree Acid P2P$ 
ll\.^  
APPEMDIX B 
Free Acid Fraction In Triple Supeii>hoaphate 
The amount of free acid was determined In all super­
phosphates In this investigation. However, the distribution 
of acid P2O5 rock P2O5 this fraction was determined 
only In superphosphates prepared with citrate extracted rock 
(this data were presented in Tables 10 and 11) and in s\;^ er-
phosphates presented In this section. 
Superphosphates were prepared with rock phosphate, 7^^ 
H^POij^ (tracer acid) and normal cure. Free acid and total 
P20^ were determined and are presented in Table The 
distribution of acid PgO^ rock ^2®^ free acid 
fraction is presented in Table 
Free acid P20^ is usually determined by titration of an 
acetone extract of the supei^hoaphate. To determine the 
distribution of acid P2O5 and rock P2O15 the P20^ in the free 
acid fraction was also determined by colorimetrlc analysis 
of the acetone extract. Comparison of the two analyses 
indicate that all of the free acid was not due to P20^» as 
the P20^ determined by the titration was always more than 
that determined by colorimetrlc analysis. Perhaps the free 
acid fraction contains amounts of hydrofluoric or fluosilicic 
ll|.6 
acids* 
The ratio of acid ^2^$ rock P20^ the free acid 
fraction Is approximately 2 to 1. This same ratio was 
found In the free acid fractions in superphosphates prepared 
idLth citrate extracted rock. 
Table 10 did not include the comparison of the free 
acid analysis by titration and colorimetric analysis for 
superphosphates produced with citrate extracted rock. The 
determined by each method was as follows: 
Acldulatlon 
Acid 1*2®^ 
Rook P2O5 
0 days cure 
l.li-
7 days cure 
l.k 
2.1|. 
28 days cure 
l.k 
Composition. 
Rpee Acid 
(by titration) 
P20^ 
0.66 
2.03 
0.25 
0.97 
Free Acid 
(by analysis) 
P2O5 
0.32 
1.70 
0.19 
0.11-3 
0.16 
0.90 
0.09 
0.37 
Here also it is indicated that all free acid was not due to 
^2®^» as the P2O5 determined by titration was always more 
than that determined by colorimetric analysis. 
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Table 43« 5^ee Acid in Triple Superphosphate Prepared at 
Various AcidTalations and Curing Times 
(7^^ Acid Concentration, Normal Cure) 
Acidulation, 
Acid ^2®^ 
Rock 
Composition. ^  
Moisture Total Free Free 
P20^ Acid Acid 
P2O5 P20^ 
(titration) (analysis) 
0 days Cure 
i.h 
2.k 
7 days Cure 
i.ii-
2.U 
28 days CTjr© 
1.1^  
2. If. 
2.6? 
.^93 
1.13 
0.72 
1.01 
1.20 
¥.9 
50.0 
l!.6.6 
51.0 
0.86 
2.33 
0.32 
0.6^ 
0.214. 
0.33 
0.76 
1.29 
0.1l{. 
0.90 
0.20 
0.2lj. 
li|.8 
Table Distribution and Source of P2O5 i» Free Acid in 
Triple Superphosphate Prepared at Various Acidxila-
tions and Curiog Times 
(75^ Acid Concentration, Normal Cure) 
Acidulation, Pb^ee Acid PpOe 
Acid P2O5 ^ 
Rock PgO^ 0 7 28 
days days days 
Total P2O5 distribution of total P20^), 
l.l|. 1.7 0.31 0,11.3 
2.5. 2.6 1.8 0.57 
Acid P20^ distribution (% of total P20^). 
l.l|. 0.79 0.20 0.26 
2.1^  1.^  1.3 0.31 
Rock P20^ distribution of total P20^), 
l.f 0.91 0.11 0.17 
2.4 1.1 0.$$ 0.16 
Acid P20^ distribution of acid P20^). 
I.I4. 1.1|. 0.3l|- 0.i|i|. 
2.5 2.1 1.8 O.iOi. 
Rock P20^ distribution of rock P20^). 
1.1^ . 2.2 0.26 o.lgi 
2.lj. 3.8 1.9 O.^ li. 
